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COMPOUNDS 

BACKGROUND 

5 

The present disclosure relates to substances selected from organoboronic acids and 
pharmaosutically useful products obtainable therefrom. The disclosure also relates to the use of 
■ members of the aforesaid class of substances, to their formulation, their dosage forms and to other 
subject matter. 

10 

Baropeptide Serine Protease inhibitors 

Shenvl (EP-A-145441 and US 4499082) disclosed that peptides containing an a-aminoborontc add 
with a neutral $ide chain were effective inhibitors of elastase and has been followed by numerous 
IS patent publications relating to boropeptide inhibitors of serine proteases. 

In describing inhibitors or substrates of proteases, Pi, P2, P3, etc, designate substrate or inhibitor 
residues which are amitno-terminal to the sclssife peptide bond, and SI, 52, S3, etc., designate the 
corresponding subsides of the cognate protease in accordance with: Schechter, I, and Berger, A, On 
20 the Size of the Active Site in Proteases, Biochem&iQphys,Re$.Comm. r 27: 157-162? 1967, In 
thrombin, the Si binding site or ""specificity pocket'' is a well defined slit in th& enzyme, whilst the S2 
and S3 binding subsites (afeo respectively called 'the proximal and distal hydrophobic pockets) are 
hydrophobic and interact strongly with, respectively, Pro and (R)-Phe, amongst others. 

25 Aminoboronate or peptidoboronate inhibitors or substrates of serine proteases are described in: 

* US 4535493 

* EP 341661 

» WO 94/25049 

30 * WO 95/09859 

* WO 96/12499 
. WO 96/20689 

* Lee S-L et a!, Biochemistry^ 13180-13186, 1997 

* Dominguez C et at, Bioorg. Med Chem* Lett 7:79-84/ 1997 
35 * EP 47X651 

* WO 94/20526 

* WO 95/20503 

* WO97/05161 

* US 4450105 
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# US 5106948 

• US 5159841 

. WO 96/25427 
- US 5288707 
5 * WO 96/20698 
» WO 01/02424. 

The amino add sequence (R)-Phe-Pro-Arg, imitating amino acid sequences of fibrinogen, was at one 
time considered the best sequence tor thrombin inhibitors. This sequence formed tight-binding 
10 inhibitors of thrombin, eg. Ac-(R)-Phe-Pro-boroArg (DUP 714), having Kf values in the picomolar 
range (Kettner et a), J- BioL Chem, 265: 182S9-18297, 1990; EP-A-293,881). 

The replacement of the P2 Pro residue of borotripeptide thrombin inhibitors by an N-substituted 
glycine is described in Fevig J M et al SJbOfff. Med. Chem, 5: 301-306 and Rupin A et al Thromb, 
1 5 Haemost. 7B(4):1221-1227, 1997- See also US 5,585,360 (de Nanteuil et al). 

Matteson D S Chem. Rev. 39: 1535-1551, 1989 reviews the use of a-hato boronic esters as 
intermediates for the synthesis of later alia amino boronic acids and their derivatives. Matteson 
describes the use of pinacol boronic esters in non-chiral synthesis and the use of pinanediol boronic 
20 esters for chiral control, including in the synthesis of amino and amido boronate esters. 

Adams et al, US Patent No (1998), US Patent No 5066730 (2000), US Patent No 6083903 (2000) and 
equivalent and US Patent No 6297217 (2001) describe peptide boronic ester and acid compounds 
• Lul as proteasome inhibits These documents also describe *e use of boronic ester and acid 

25 'compounds to reduce the rate of muscte protein degradation, to reduce me activity of NF-kB in a 
cell, to reduce the rate of degradation of p53 protein in a cell, to inhibit cyclin degradation in a cell, 
to inhibit the growth of a cancer cell, to inhibit antigen presentation in a cell, to inhibit NF-icB 
dependent cell adhesion, and to inhibit HIV replication. Brand et al, WO 98/35691, teaches that 
proteascme inhibitors, including boronic acid compounds, are useful for treating infarcts such as 

30 occur during stroke or myocardial infarction. Elliott et al, WO 99/15183, teaches that proteasome 
inhibitors are useful for treating inflammatory and autoimmune diseases. 

Unfortunately, organoboronic acids can be relatively difficult to obtain in analytically pure form. 
Thus, alkylboronic acids and their boroxines are often air-sensiHve. Korcek et al, J. Chem. Sec, 
35 Perkin Trans, 2:242, 1972, teaches that butyiboromc acid is readily oxidized by air to generate 1- 
buta.no! and boric acid. . 

It is known that derivattsation of boronic acids as cydic esters provides oxidation resistance. For 
example, Martichonok V et al J. Am. Chen?. Soc 118: 950-958, 1996 state that diethanolamine 
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derivatisation provides protection against possible boronic add oxidation. US Patent No 5,681,978 
(Matteson PS et al) teaches that 1,2-diote and 1,3 diols, for example pinacol, form stable cyclic 
boronic esters that are not easily oxidised. 

t 

5 Wu et al, J. Pharrn. Sd> f 89:758-765, 2000, discuss the stability of the compound N-C2-pyrazina) 
carbonyl-phenylalanine-teucine boronic add (LDP-341, <ilso known as bortezomib), an anti-cancer 
agent It is described how "during an effort to formulate [LDP-341] for parental administration, 
the compound showed erratic stability behaviour". The degradation pathways were investigated and 
it was concluded that the degradation was oxidative, the initial oxidation being attributed to 

10 peroxides or molecular oxygen and its radicals. 

WO 02/059131 discloses boronic acid products which are described as stable. In particular, these 
products are certain boropeptides and/or torapepSdomimetics in which the boronic add group has 
been derfvatised with a sugar. 



15 



Neutral PI Residue Boropeptido Thrombin Inhibitors 



Claeson et al (US 55740*4 and others) and Kakkar et al (WO 92/07869 and family members 
including US 5648338) disclose lipophilic thrombin inhibitors having a neutral (uncharged) C-terminal 
20 (Pi) side chain, -for example an alkoxyalkyl side chain, 

The ciaeson et ai and Kakkar et al patent families disclose boronarte esters containing the amino acid 
sequence D-Pbe-Prc^BoroMpg [(R)-Phe-Pro-BoroMpg] ( which are highly specific inhibitor* of 
thrombin, of these compounds may be mentioned in particular Cb2-(R)-Phe-Pro-BoroMpg"OPlnace)l 
25 (also known as TRI 50b). The corresponding free boronic acid is known as TRI 50c. For further 
information relating to TRI SOb and related compounds, the reader is referred to the following 
documents: 

# Elgendy S et el., in The Design of Synthetic Inhibitors of Thrombin, Cfaeson G et al Eds, 
Advances in Experimental Medicine, 340:173-178, 1993. 

30 • Claeson G at al, Biochem X 290:309-312, 1993 

. Tapparelii C et al, J Biol Chem, 268:4734-4741, 1993 

* Claeson G, in The Design of Synthetic Inhibitors of Thrombin, Claeson G et a! Eds, Advances 

in Experiments! Medicine, 340:83-91, 1993 

* Phillip et al, in The Design of Synthetic Inhibitors of Thrombin, Claeson G et al Eds, 
35 Advances in Experiments? Medicine, 340 :67-77, 1993 

* Tapparelli C et al, Trends Pharmacol. Set, 14:366-376, 1993 

• Claeson G, Blood Coagulation and Fibrinolysis 5:411-436; 1994 

• Elgendy etal, 7fetoAetfrt?/7 50i38O3-3812, 1994 

• Deadman J et al, J. Enzyme Inhibition 9; 29-41, 19S5 
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» Deadman 3 et at, J. Medldnaf Chemistry 38:1511-1522, 1995. 

TRI 50b is considered to be a prodrug for TRI 50c, which is the active principal in yJva The 
tripeptlde sequence of TRI 50c has three dhi'ral centres. The Phe residue is considered to be of (R)- 
5 configuration and the Pro residue of natural (S>configuration, at least fn compounds with 
commercially useful inhibitor activity the Mpg residue is believed to be of (Reconfiguration in 
isomers with commercially useful inhibitor activity. Thus, the active, or most active, TRI 50c 
stereoisomer te considered to be of R,S r R configuration and may be represented as: 




OMe 

. Cbz-(R)-Phe-(S)-Pro-(R)-boroMpg-OH 

10 

PCT/GB03/03S97, and also USSN 10/659,178 and EP-A-1396270, disclose pharmaceutical^ 
acceptable base addition salts <*f boronlc acids which have a neutral arntnoboronic add residue 
capable of binding to the thrombin SI subsite Knked r through' a peptide linloge to a hydrophobic 
moiety capable of binding to the thrombin S2 and S3 subsftes. In a first embodiment there is 
15 disclosed a pharmaceutical^ acceptable base addition salt of a borofuc add of, for example, formula 
(A); 

-OH 

Y-CO-NH-CH-Blf (A) 
J OH 
RP 

wherein 

A.' 

20 Y comprises a hydrophobic moiety which, together vyjfth the aminoboronic acid residue 
HMtfCH(R 9 )-B(OH)2, has affinity for the substrate binding sfce of thrombin; and 

r ( 

R 9 is a straight chain alkyl group interrupted by one or more ether linkages (e.g. 1 or 2) and in 
which the total number of oxygen and carbon atoms is 3 f 4, S or 6 (e,g, 5) or R 9 is ~(CH2) m -W 
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where rn is 2, 3, 4 or 5 (e.g. 4) and W is -OH or halogen (F, Ci, Br or I). R 9 is an alkoxyalkyl group 
in one subset of compounds, e.g. alkoxyalkyl containing 4 carbon atoms. 

Also disclosed are oral formulations of such safe, 

5 

The salts are described as being of relative stability to hydrolysis and deboronation. 

PCT/GB03/D3BS7, and also USSN 10/659,179 and EP-A~13£6269, disclose salts of, a pharmaceutically 
acceptable multivalent (at least divalent) metal and an organoboronic acid drug. Such salts are 
10 described as having an improved level of stability which cannot be explained or predicted on the 
baste of known chemistry, and as being indicated to have unexpectedly high and consistent oral 
bioavailability not susceptible of explanation on the basis of known mechanisms. The oral 
formulations of such salts are therefore also disclosed, 

15 One particular class of salts comprises those wherein the organoboronic acid comprises a 
boropeptide or boropeptldomfmstic. Such drugs which may beneficially be prepared as safes include 
without limitation those of the -formula X-(aa) n -B(OH)2r where X is H or an amino-prabecfcing group, 

n is 2, 3 or 4, (especially 2 or 3) and each aa is independently a hydrophobic amino acid, whether 
natural or unnatural. In one class of multivalent metal salts, the organoboronic acid is of formula 
20 (A) above. 

PCT/GB03/03S83, and also USSN 10/658,971 and £P-A~1400245, disclose and claim inter aite 
parenteral pharmaceutical formulations that include a pharmaceutically acceptable base addition salt 

♦ 

of a boronic acid of, for example, formula (A) above. Such sate are described as having an 
25 improved level of stability which cannot be explained or predicted on the basis of known chemistry. 

Qraf&osagG Forms 

Orally administered drugs are often presented as tablets or capsules for swallowing. Other dosage 
30 forms are known, however. 

Thus an orally administered drug may be presented as reconstitutable formufations, in particular in a 
form for recon&tttubon before administration as a liquid and often as drink, for example as an 
effervescent tablet or in particulate form (as a powder or granules)* It is also known for soluble 
35 drugs to be packaged as a powder or granules for direct dissolution in the mouth; additionally 
known are *fast melt" or "fast dissolving" oral formulations, wBich dissolve or disintegrate rapidly 
when taken into the mouth. The formulations described in the preceding two sentences may also be 
regarded as reconstltutaWe formufations in that they are reconstituted in the mouth, prior to the 
reconstituted formulation reaching the stomach. All these reconstitutable formulations avoid the 
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delays associated with active ingredients In tablets or capsules reaching the blood, as a result of 
time taken for the tablet/capsule to disintegrate and for Its contents to dissolve. Another potential 
benefit of reconstttutabie formulations relates to active ingredients whose required dosage is too 
high to be incorporated in a single tablet or capsule: the ingestion of multiple tablets or capsules rs 
5 considered undesirable by patients and might create an additional risk of variation in bioavailability, 
and the replacement of multiple tablets or capsules with a reconstftutabie formulation will avoid 
these particular shortcomings. 

> 

A common form of dosage for tfta oral administration of drugs is that of particulate formulations 
10 contained In dispensing containers, e.g. sachets, particularly monodose sachets. The contents of the 
dispensing container are usually (but not always) poured out in, for example, a glass of water or In 
fruit Juice or in milk, for drinking by the patient It is helpful for the particulate formulation bo be 
reconstituted into a drink-size volume (e.g, 50-150 ml, by way of non-limiting example) because this 
minimises the amount of active which is at risk of being lost to the patient, as compared with a 5ml 
15 volume (in which case the patient will lose a considerable proportion of the active if even a small 
volume of the liquid is not ingested). Additionally, a larger volume of liquid permits a higher 
proportion of flavourings to be used, in the event that there are flavour problems. 

The dispensing container may in principle be any container which may be opened to release a single 
20 dose or a part of a dose. In many instances, a container will be a single dose or monodose 
container, in which the container contains the correct amount for a single administration of the 
formulation. Alternatively, the formulation may be presented as a divided dose, in which there is 
provided a unit dosage which is possibly smaller than some patients require; In this latter case, the 
patient will take two or more unit doses in a single administration of the formulation. The 
25 dispensing container may alternatively be a metered dose container, in which a unit of formulation is 
metered from a reservoir of the formulation. As an alternative to a sachets, the container may be a 
plastics container, for example. 

Thus, an exemplary unit dosage form for particulate formulations, e.g. for reconstifcution as a drink, 
30 is the sachet A sachet is a pouch formed by folding and / or sealing together the edges of a 
suitable material. As suitable materials may be mentioned thin, flexible sheets of one or more layers 
that can be sealed together with an adhesive, typicalfy a heat Sealable adhesive, or that can be 
sealed to each other by the application of heat and pressure. Typical materials that can be sealed 
together by heat and pressure are thermoplastic polymers such as polyethylene and polyvinyl 
35 chloride. These polymers may be dear, colourless or coloured and can be made opaque by the 
addition of suitable opacifying agents such as titanium dioxide. Several layers of materials can be 
bonded together to form laminates with particular properties. "For example a laminate could 
comprise an outer layer of paper (which can easily be printed on), polyethylene (which provides 
strength to the laminate), aluminium foil (to act as a barrier that is impermeable to gasses, vapours 
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and liquids) and an inner heat sealable lacquer (to enable the laminate to be sealed to itself or to 
other materials). Sachets may be formed from a single sheet of laminate or from two sheets that 
may be the same or different, for example coloured and colourless or clear and opaque. 

5 Sachets may contain solids, powders or liquids that are enclosed by tiie sachet before the sachet is 
sealed. In pharmaceutical applications sachets are used to contain powders or granules, typically tor 
reoonstitution with water or other liquids. 

Particulate formulations suitable for filling into sachets may contain (but are not required to contain) 
10 diluents, flow aids, lubricants, buffering agents, granulating agents, disintegrants, solubilising 
agents/viscosity enhancers, sweeteners and flavours, in addition to the active ingredient. 

Effervescent tablets are another common oral dosage form and contain ingredients that react 
together in the presence of water to produce carton dioxide. The liberation of carbon dioxide when 
15 effervescent tablets are added to water promotes their disintegration and me dissolution or 
dispersion of the active ingredients and other components. Effervescent tablets are usually intended 
to be added to water to produce a solution or dispersion for oral administration. They are usually 
much bigger than other tablets because they are used for drugs whose dosage is large and they 
often contain relatively large amounts of flavouring agents. 

20 

ingredients that can react together in water to produce carbon dioxide include organic acids and 
carbonates. For example citric acid and /or tartaric acid can be combined with calcium carbonate 
and / or sodium bicarbonate in proportions and quantities ttat provide the required extent and rate 
of carbon dioxide production. Other ingredients may be those commonly used in non-effervescent 
25 tablet formulations. 

The effervescent tablet consists of at least three components: the active ingredient; an acid; and an 
alkali compound (basic ingredient) constituted by a carbonate or a bicarbonate. 

30 The acid and the alkali are the essential components which provide the effervescence and the 
disintegration of the tablet when it is contacted with water. As acidic component ctoric acid in 
anhydrous form is often used, but other edible acids like tartaric, fumaric, adipic and malic acid can 
be used as well. The carbonate, which represents a source of carbon dioxide which generates the 
effervescence, generally is a water-soluble alkaline carbonate. Sodium bicarbonate is one of the 

35 most used carbonates because it is very soluble and of low cost. Alternative^ modified sodium 
■' bicarbonate can be used, obtained by heating common sodium bicarbonate in order to convert the 
surface of its particles to sodium carbonate so increasing Its stability. 
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Other physiologically acceptable ailoKne or alkaline earth metai carbonates may be used/ such as 
potassium or calcium (bi)carbonate, sodium carbonate,, or sodium glycine carbonate. 

Compositions of effervescent tablets may also include a tablet lubricant, which may be a water 
5 soluble compound forming a clear solution. Examples of this kind of lubricant are sodium benzoate, 
sodium acetate, polyethylenglycols (PEG) higher than 4000, alanine and glycine- 

Conventional exCipfents such as diluents, ligands, buffers, sweeteners, flavours, colours, solubtfeens, 
disintegrates, wetting agents and other excipients of common use may be added to the formulation. 
10 Effervescent tablets are convenient, attractive, easy to use premeasured dosage forms. These 
advantages, however, are balanced by hygroscopicity, which usually means that the tablets have to 
be manufactured In conditions of low relative humidity and packaged fn containers that provide good 
protection against the ingress of water vapour, 

15 Current manufacturers of *fast melt" formulations, i.e. rapidly disintegrating or di$solving solid dose 
oral formulations, include Cima Labs, Fufez Technologies LM V Pnographarm r R. P, Scherer (now part 
of Cardinal Health), and Yamanouchf-ShakJee. All of these manufacturers market different types of 
rapidly dissolving solid oral dosage forms. 

20 Cima Labs markets OraSoh/®, which is an effervescent direct compression tablet having an oral 
dissolution time of five to thirty seconds, and DuraSolv®, which Is a direct compression tablet 
having a taste-masked active agent and an oral dissolution time of 15 to 45 seconds. Qma's U.S, 
Pat No, 5,607,697, for 'Taste Masking Microparticles for Oral Dosage Forms/' describes a solid 
dosage form Consisting of coated mfcropartides that disintegrate in the mouth. The mfcropartfcte 

25 core has a pharmaceutical agent and one or more sweet-tasting compounds having a negative heat 
of solution selected from mannitol, sorbitol a mixture of an artificial sweetener and menthol, a 
mixture of sugar and' menthol, and methyf salicylate. The microparticle core is coated, at least 
partially, with a material that retards dissolution in the mouth and masks the taste of the 
pharmaceutical agent The micrapartfcies are then compressed to form a tablet, Other exclpients 

3 0 can also be added to the tablet formulation. 

WO 98/45215 for "Rapidly Dissolving Robust Dosage Form/ assigned to Cima Labs, is directed to a 
hard, compressed, fast melt formulation having an active ingredient and a matrix of at least a non- 
direct compression filler and lubricant. A non-direct compression filler is typically not free-flow1ng f in 
35 contrast to a direct compression (DC grade) filler, and usually requires additional processing to form 
free-flowing granules. - . 

Cima also has U.S. patents and international patent applications directed to effervescent dosage 
forms (US. Pat. Nos. 5,503,846, 5,223,264 f and 5,178,878) and tableting aids for rapidly dissolving 
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dosage forms (U.S. Pat. Nos. 5,40i f 513 and 5,219,574), and rapidly dissolving dosage forms for 
water soluble drugs (WO 98/14179 for 'Taste-Masked Microcapsule Composition and Methods of 
Manufacture"). 

5 Fuisz Technologies markets Flash Dose®, which is a direct compression tablet containing a 
processed excipient called Shearform®. Shearfbrm® is a cotton candy-like substance of mixed 
polysaccharides converted to amorphous fibers. U.S. patents describing this technology include U.S. 
Pat. No. 5,871,781 for "Apparatus for Making Rapidly Dissolving Dosage Units;" U.5. Pat. No. 
5,869,098 for "Fast-Dissolving Comestible Units Formed Under High-Speed/High-Pressure 
10 Conditions;" U.S. Pat. Nos. 5,866,163, 5,851,553, and 5,622,719, all for "Process and Apparatus for 
Making Rapidly Dissolving Dosage Units and Product Therefrom}" U.S. Pat. No. 5,567,439 for 
"Delivery of Controlled-Release Systems;" and U.S. Pat. No. 5,537,172 for "Process for Forming 
Quickly Dispersing Comestible Unit and product Therefrom," 

15 prographarm markets flashtab®, which is a fast melt tablet having a disintegrating agent such as 
carboxymethyl cellulose, a swelling agent such as a modified starch, and a taste-masked active 
agent The tablets have an oral disintegration time of under one minute (US- Pat. No. 5,464,632). 

R. p. Scherer markets Zydis®, which is a freeze-dried tablet having an oral dissolution time of 2 to 5 
20 seconds. Lyophllized tablets are costly to manufacture and difficult to package because of the 
tablets sensitivity to moisture and temperature. U.S. Pat. No. 4,642,903 (R. P. Scherer Corp.) refers 
to a fast melt dosage formulation prepared by dispersing a gas throughout a solution or suspension 
to be freeze-dried. U.S. Pat. No. 5,185,825 (R. P. Scherer Corp.) refers to freeze-dried dosage forms 
prepared by bonding or complexing a water-soluble active agent to or with an ion exchange resin to 
25 form a substantially water insoluble complex, which is then mixed with an appropriate carrier and 
freeze dried. U.s. Pat. No. 5,631,023 (R. P. Scherer Corp.) refers to freeze-dried drug dosage forms 

« 

made by adding xanthan gum to a suspension of gelatin and active agent, U.S. Pat. No. 5,827,541 
(R. P. Scherer Corp.) discloses a process for preparing solid pharmaceutical dosage forms of 
' hydrophobic substances. The process involves fneeze-drying a dispersion containing a hydrophobic 
30 active ingredient and a surfactant, in a non-aqueous phase; and a carrier material, in an aqueous 
phase. 

Yamanouchi-Shaklee markets Wowtab.RTM., which is a tablet having a combination of a low 
moldability and a high moldabiiity saccharide, U.S. Patents covering this technology include U.S. Pat. 
35 No. 5,576,014 for "Intrabuccally Dissolving Compressed Moldings and Production Process Thereof," 
and U.S. Pat. No. 5,446,464 for "Intrabuccally Disintegrating Preparation and Production Thereof." 

* 

Other companies owning rapidly dissolving technology include Janssen PharmaceuUca. U.S. patents 
assigned to Janssen describe rapidly dissolving tablets having two polypeptide (or gelatin) 
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components and a bulking agent, wherein the two components have a net charge of the same sign, 
and the first component is more soluble in aqueous solution than the second component See U.S. 
Pat. No, 5,807,576 for "Rapidly Dissolving Tablet;" U.5, Pat No. 5,535,210 for "Method of Making a 
Rapidly Dissolving Tablet;" U.S. Pat. No. 5,595,761 for "Particulate Support Matrix for Making a 
5 Rapidly Dissolving Tablet; 1 " U.S. Pat. No. 5,587,180 for "Process for Making a Particulate Support 
Matrix far Making a Rapidly Dissolving Tablet;" and U.S. Pat. No. 5,776,49* for "Rapidly Dissolving 
Dosage Form. 1 ' 

Eurand America, Inc. has U.S. patents directed to a rapidly dissolving effervescent composition 
10 having a mixture of sodium bicarbonate, citric add, and ethylceilufose (U.S. Pat. Ncs. 5,639,475 and 
5,709,886). 

LAB. Pharmaceutical Research owns U.S. patents directed to effervescent-based rapidly dissolving 
formulations having an effervescent couple of an effervescent acid and an effervescent base (IKS, 
15 Pat. Nos. 5,807,578 and 5,307,577). 

Sobering Corporation has technology relating to buccal tablets having an active agent, an excipient 
(which can be a surfactant) or at least one of sucrose, lactose, or sorbitol, and either magnesium 
stearate or sodium dodecyl sulfate (U.S. Pat Nos. 5,li2,6i$ and 5,073,374). 

20 

Takeda Chemicals Inc., Ltd, owns technology directed to a method of making a fast dissolving tablet 
in which an active agent and a moistened, soluble carbohydrate are compression molded into a 
tablet, followed by drying of the tablets. 

25 In practice, oral and intravenous presentations of active ingredients are completely distinct. In 
particular, it is desirable in the case of an intravenous formulation that any unnecessary exripients 
and components additional to the active ingredient be kept to a minimum- In contrast, oral 
formulations contain additional excipients. The class and identity of excipient will vary with the type 
of oral formulation but they may contain any one or more of the following: 

30 * antimicrobial preservatives, flow aids (gHdants), surfactants, flavour agents (in the case of 

powders) 

• antimicrobial preservatives, flow aids (glidants), surfactants, viscosity enhancers, binders, 
disintegrants, flavour agents (in the case of granules) 

• antimicrobial preservatives, tablet lubricants, surfactants, viscosity enhancers, binders, 
35 dteintegrants, swelling agents (in the case of tablets) 

• antimicrobial preservatives, tablet lubricants, surfactants, binders, swelling agents, 
disintegrating agents, flavour agents ffast melt" formulations). 
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The reader is referred to the US Pharmacopeia for more detailed information as to members of the 
above classes of excjpient. 

Another characteristic of oral formulations is that they are not required to be, and usually are not, 
5 isotonic. In contrast, intravenous formulations are isotonic and in most cases have pH of between 4 
and 5. 

Rapid Onset Anticoagulation and Short Durati&n Anticoagulation 

10 It is desirable in some circumstances to administer an anticoagulant which will have a relatively 
short duration of significant activity. Thus, some anticoagulants will have an excessively long 
duration of activity for a particular indication; one example is that warfarin takes a long time to 
reduce from therapeutic levels of activity and is unsuitable to haernodialysis, where a short duration 
anticoagulant is desirable* 

15 

Haernodialysis is used to treat patients in end stage renal failure. An anticoagulant is administered 
to the patient prior to commencement of dialysis, in order to prevent thrombosis in the 
haernodialysis circuit. Anu'coagulation is required only for the duration of the haernodialysis session 
(typically about four hours) and the anticoagulant should desirably have little or no effect after the 
20 patient has left the clinic. The anticoagulant should not be one which is renally cleared, in particular 
because anticoagulation will in this case last longer when the kidney is impaired. 

Currently, anticoagulation in haernodialysis is achieved by heparin infusion, a process which is not 
only somewhat uncomfortable and emotionally stressful for the patient but which also requires the 

25 attendance of a medical practitioner. Further, heparin anticoagulation can result in bleeding, which is 
potentially dangerous, and monitoring of the patient is therefore required. When bleeding occurs, it 
must be treated. An additional drawback of heparin infusion is that patients are reluctant to have 
home haernodialysis where the complexity and responsibility of self-management of intravenous 
anticoagulation is one reason for patients tending -to resist home haernodialysis. An oral 

30 anticoagulant would reduce this resistance. 

Other occasions where short term anticoagulation would be desirable include flight DVT (deep vein 
thrombosis), in the case of aeroplane passengers believed to be at risk of DVT, and extracorporeal 
liver detoxification, 

" Sometimes it is desirable for an anticoagulant to give rise to immediate onset of activity. An 
intravenous anticoagulant will by definition have rapid onset, since it enters the plasma immediately 
upon administration. However, an oral formulation will often have delayed onset. One instance is 
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emergency administration to a person who has suffered, or is suspected to have suffered, a 
thrombotic event, for example myocardial infarction. 

In the case of emergency anticoagulant administration, it will often be desired as a short-term 



5 precautionary measure to administer an anticoagulant to a patent who has suffered, or is suspected 



of having suffered,- a thrombotic event. In this case, the anticoagulant couid be administered prior 
to admission to hospital or immediately upon admission, in order to protect the patient agafnst a 
further possible thrombotic event before a detafled semination of the patient can be undertaken. A 
short duration of activity is highly desirable in case it subsequently proves undesirable for the patient 
10 to be anticoaguiated, as for example where a course of treatment fs to be followed (e.g. surgery) 
where presence of a significant amount of anticoagulant In the blood couid be dangerous or where 



medication is given which fs incompatible with the emergency anticoagulant. If a patient in actual or 
suspected need of emergency anticoagulant therapy is conscious, it is in principle fer more 
preferable to administer the anticoagulant orally than intravenously. 



BRIEF SUMMARY OF THE DISCLOSURE 

The present disclosure relates in one aspect to novel oral formulations which are capable of 
providing a relatively short duration of activity. It also relates to novel indications for treatment by 
20 certain boronfc acids and derivatives thereof. 

The disclosure also relates to novel organabonomc adds and their derivatives, including those 
described in more detail later in this specification under the heading "^Novel Borons Acids" 

25 The disclosure additionally concerns compounds selected from organoboranic acid thrombin 
inhibitors, their salts and prodrugs, and in one aspect relates to novel oral dosage farms of such 
thrombin inhibitors. The disclosure further concerns dosage forms of such thrombin inhibitors which 
dosage forms are useful for administration when relatively rapid onset and/or short duration of 
sctivcty is required,. e,g. anticoagulant therapy during haemodiafysJs. The thrombin inhibitors may 

30 comprise pharmaceutical!/ acceptable baS£ addition salts of boronfc acids as described in more 
detail below. These boronic acids include those having a neutral thrombin PI domain linked to a 
hydrophobic moiety capable of binding to the thrombin S2 and S3 subsites. Particular thrombin 
inhibitors are pharmaceutical^ acceptable base addition salts of such boronic acids, e.g. those which 
. have a neutral amfnoboronic acid residue capable of binding to the thrombin £1 substte linked to a 

35 hydrophobic mofety capable of binding to the thrombin S2 and S3 subsites, e.g. those of formula (I) 
below. 

The disclosure provides oral dosage "forms of the boronic acid compounds (e,g, salts) described 
herem in a solid phase formulation, the dosage form being adapted for entry of the active ingredient 



15 
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into a liquid vehicle prior to entering the stomach. Thus, the solid phase formulation may be 
adapted for reoonstftution into a solution 017 less preferably, a suspension prior to administration; 
alternatively it may be a ^ast melt" formulation which disintegrates or dissolves rapidly in the 
mouth, For a general description of the characteristics of the formulation types to which the 
5 disclosure relates, the* reader is referred to the earlier section of this specification under the heading 
^Oral Dosage Forms". 

Many solid phase formulations of the disclosure contain an antimicrobial preservative. Commonly, 
solid phase formulations of the disclosure contain a flavour agent (e,g> flavouring, flavour enhancer 
10 or sweetener). Powders often contain a flow aid or glidant. Granules often contain a binder- In 
general but not invariably, the solid phase formulations of the disclosure will contain both an anti- 
microbial preservative and a flavour agent, usually in uniform distribution; this of course is different 

« 

from a parenteral formulation, Powders and granules may contain an organic add; effervescent 
tablets will do so. 

15 

The dosage form may for example be a sachet or other sealed dispensing container containing a 
particulate formulation (powder or granules) or it may be an effervescent tablet or a 'fast melt" 
formulation* 

20 Also provided is the use of a boronic acid compound disclosed herein (e.g. salt) for the manufacture 
of a solid phase medicament far combining with a suitable liquid to form a liquid preparation for oral 
ingestion for use in treating thrombosis, The disclosure includes an embodiment in which the liquid 
preparation is a drinkabte preparation. A liquid suftable to combine with the solid phase medicament 
is non-toxic and does not seriously detract from the activity or bioavailability of the drug; in practice, 

25 the taste of the liquid must not be excessively unpalatable. 

One class of methods of the disclosure comprises a method of preparing an anticoagulant 
preparation, comprising reconstituting, into a liquid preparation .for oral administration and 
preferably a drinkable preparation, a solid phase formulation comprising a boronic acid compound 
30 disclosed herein, e.g. a pharmaceutically acceptable base addition salt of a boronic add which has a 
neutral thrombin Pi domain linked to a hydrophobic moiety capable of binding to the thrombin 52 
and S3 subsites. 

Included in the disclosure is a method of inhibiting thrombin in the treatment of disease, comprising 
35 administering perorally to a subject in need thereof a therapeutically effective amount of a boronic 
acid compound disclosed herein, e,g. pharmaceutical acceptable base addition salt of a boronic 
acid which has a neutral thrombin PI domain linked to a hydrophobic moiety capable of binding to 
the thrombin S2 and S3 subsrtes, said compound being put into solution or suspension from a sofid 
phase formulation prior to the salt entering the stomach, In one class of methods, tfie compound Is 



0Q9^133 09-Mar-04 ; 06:3G 



9. MAR. 2004 18:59 HARRISON GODDARD FOO NO. 586 P. 18 

F04in7GB2 

14 

~ ' put into solution or suspension by reconstitution with a liquid prior to administration; in another cfass 
of methods the compound is put into solution or suspension in the mouth. 

Additionally included are methods of preventing one of: 
5 * thrombosis in the haemodialysis circuit of patients having haemodialysis 

« flight DVT 

• thrombosisin extracorporeal liver detoxification. 

These methods are not limited to the disclosed salts but may use any boronlc acid disclosed herein, 
10 or any safe, prodrug or prodrug salt thereof. The methods comprise administering to a subject In 
need thereof a therapeutically effective amount of a compound selected from boronlc acids which 
have a neutral thrombin PI domain linked to a hydrophobic moiety capable of binding to the 
thrombin S2 and S3 subsites and salts and prodrugs thereof. In toese methods, the disclosure is not 
limited as to toe route of administration or the nature of the formulation; for example, in these 
15 methods the salt may be administered parenteral!* e.g. intravenously or by the more preferred oral 
route; where oral administration is chosen, the active salt may be administered in the form of a 
tablet or capsule, for example, but it may otherwise be administered as a reconstitutable 
formulation. In one class of these methods, toe selected compound is not a base addition salt; in 
another class it is a base addition salt. 

20 

in other aspects, the disclosure includes the use of a boronic acid compound described herein for 
the manufacture of a medicament tor preventing a disorder referred to in the immediately preceding 
paragraph. The medicament may be adapted tor oral administration, e.g. a tablet, capsule or 
reconstitutable formulation; alternatively, it may be adapted tor parenteral administration. 

The disclosure includes products comprising a solid phase formulation containing a boronic acid 
compound described herein, the product being adapted for reconstitotion of the formulation into a 
drinkable preparation to prevent thrombosis during haemodialysis. 

30 The disclosure, includes products comprising a solid phase formulation containing a boronic add 
compound described herein, the product being adapted for ^constitution of the formulation into a 
drinkable preparation for emergency treatment of actual or suspected thrombosis prior to proper 
medical examination of the patient. 

35 The solid phase formulations may include a boronic acid of formula CD below or a salt or prodrug 
thereof, or a salt of a prodrug. The prodrug may be an ester, e.g. with a residue of an.alkanol, e.g. 
a Ci-C 4 alkanol such as methanol or ethanol, for example. It may be an ester of a did. The 
identity of the diol is not critical. As suitable diols may be mentioned aliphatic and aromatic 
compounds having hydroxy groups that are substituted on adjacent carbon atoms or on carbon 



25 
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atoms substituted by another carbon. That Is to say, suitable diols Include compounds having at 
least two hydroxy groups separated by at least two connecting carbon atoms In a chain or ring. One 
dass of diols comprises hydrocarbons substituted by exactly two hydroxy groups. One such diol is 
pfnacol and another is pinanediol and a third is diethanolamine; there may also be mentioned 
5 neopentylglycol, 1,2-ethanediol, 1,2-prapanedio!, 1,3-propanediol, 2,3-butanediol, 1,2- 
diisopmpylethanediol, 5,6-decanedtol and L>dicyc!ohexylethanediol. 

The prodrug may be a sugar derivative as described in WO 02/059131 (see above). Thus, the 
boronate group may be esterified with a sugar such as a monosaccharide or disaccharide. The 
10 sugar may be a reduced sugar, e.g. mannitol or sorbitol; it may be any individual sugar or class of 
sugars taught in WO 02/059131. The boronic acid, sugar Cor other diol) and water may be 
combined and then lyophifised, for example as taught in WO 02/059131. 

A particular class of soluble compounds comprises alkali metal salts, sugar esters and amino sugar 
15 saits of the disclosed boronic acids. Such soluble derivative are useful for making formulations for 
reoonstitution as solutions. Another particular class comprises the free acids. 

There is disclosed alsp a solid phase pharmaceutical formulation for use in preparing a liquid oral 
preparation, preferably a drinkable preparation, therefrom that includes a boronic acid of, for 
20 example, formula (I) or a salt, prodrug or prodrug salt thereof: 

^OH 

Y-CH-B. (I) 
I OH 

R 9 

wherein 

Y comprises a moiety which, together with the fragment -CH(r9)-BCOH)2, has affinity for the 
25 substrate binding site of thrombin; and 

r9 is a straight chain alkyl group interrupted by one or more ether linkages (e.g. 1 or 2) and in 
which the total number of oxygen and carbon atoms is 3, 4, 5 or 6 (e.g. 5) or R 9 is -{OHjWW 
where m is 2, 3, 4 or 5 (e.g. 4) and W is —OH or halogen (F, CI, Br or I). R 9 is an alkoxyalkyi group 
30 in one subset of compounds, e.g. alkoxyalkyi containing 4 carbon atoms. 

In some embodiments, Y comprises 

an amino group bonded to structural fragment -CHCR 9 )-B(0H>2r and 
a hydrophobic moiety which is linked to said amino group and which, together with said 
35 structural fragment, has affinity for the substrate binding site of thrombin. 
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The disclosure includes products comprising active ingredients which are base addition salts of 
hydrophobic boronic acid inhibitors of thrombin. Such inhibitors may contain hydrophobic amino 
acids, and this dass of amino acids includes those whose side chain is hydrocarbyl, hydrocarbyl 
5 containing an in-chain oxygen and/or linked to the remainder of the molecule by a n in-chain oxygen 
or heteroaryl, or any of the aforesaid groups when substituted by hydroxy, halogen or 
trinuoromethyl. Representative hydrophobic side chains include alkyl, alknxyalkyl, either of the 
aforesaid when substituted by at least one aryl or heteroaryl, aryl, heteroaryl, aryl substituted by at 
least one alkyl and heteroaryl substftuted by at least one alky!. Proline and other imino acids which 
10 are ring-substituted by nothing or by one of the moieties listed in the previous sentence are also 
hydrophobic. 

some hydrophobic side chains contain from i to 20 carbon atoms, e.g. non-cyclic moieties having 1, 
2, 3 or 4 carbon atoms. Side chains comprising a cyclic group typically hut not necessarily contain 
15 from 5 to 13 ring members and in many cases are phenyl or alkyl substituted by one or two phenyls. 

Included are inhibitors which contain hydrophobic non-pepbde moieties, which are typically based on 
moieties which may form a side chain of a hydrophobic amino acid, as described above. 

20 Hydrophobic compounds may contain, for example, one amino group and/or one acid group (e.g. - 
COOH, -B(OH)2)- Generally, they do not contain multiple polar groups of any one type. 

The disclosure comprises products, methods and uses involving or including hydrophobic boronic 
acid inhibitors of thrombin or their salts or prodrugs, and therefore includes peptide boronic acids 
25 which have a partition coefficient between i-n-odanol and water expressed as log P of grater than 
1.0 at physiological pH and 25<>C r and the salts and prodrugs thereof. Some useful peptide boronic 
*" acids ha«a a partition coefficient of at least 1.5. A class of usefui hydrophobic peptide boronic acids 
has a partition coefficient of no more than 5. 

30 Some sub-classes of hydrophobic organoboronic adds are those described by Formulae CO and (in) 
below, under the heading 'Detailed Description of Several Examples". 

The boronic acids to which this disclosure relates may by way of example be a peptide boronic acid 
of formula (II): 

X-aa^aa 2 -N H-CH-B. 00 ' 

| OH 

35 
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where: 



X is a moiety bonded to the N-terminal amino group and may be H to form NH 2 . The identity of X is 
not critical but may be a particular X moiety described above. In one example there may be 
mentioned benzyloxycarbonyl. 

U l is an amino add having a hydrocarbyl side chain containing no more than 20 carbon atoms (e.g. 
up to 15 and optionally up to 13 C atoms) and comprising at least one cyclic group having up to 13 
carbon atoms. In certain examples, the cyclic group^ of** have/has 5 or 6 ring member,. For 
instance, the cyclic group( S ) of .1 may be aryl groups, particularly phenyl. Typically, there are one 
or two cyclic groups in the »1 side chain. Certain side chains comprise, or consist of, methyl 
substituted by one or two 5- or S- membered tings. 

More particularly, is Phe, Dpa or a wholiy or partially hydnttjenated analogue thereof. The 
15 wholly hydrogenated analogues are Cha and Dcha. 

aa 2 is an imino acid having from 4 to 6 ring members. Alternatively, aa* is Giy N-substituted by a 
C 3 -C 13 hydrocarbyl group, •» . C 3 -C s hydrocarbyl group comprising a C 3 -C s hydrocarbyl ring; the 
hydrocarbyl group may be saturated, for example exemplary N-substituents are cyclopropyl 
cydobutyl, cyclopentyl end cydohexyl/ As a hydrocarbyl group containing one or more ^torated 
bonds may be mentioned phenyl and methyl or ethyl substituted by phenyl, e* 2- P henyle*yl, as 
well as p^-dfalkylphenylethyL Other aa* moieties are subsequently described. 

There Is a debate in the literature as to whether boronates in aqueous solution form the 'trigonal' 
B(OH) 2 or ^rahedral' B(OH) 3 - boron Species, but NMR evidence seems to indicate that at a pH 
' below the first P Ka of the boronic add the main boron species is the neutral B(0H) 2 . In the 
duodenum the pH is likely to be between 6 and 7, so the trigonal species is likely to be predominant 
here. In any event, the symbol H3COH) 2 includes tetrahedral as well as trigonal boron species, and 
throughout this specification symbols indicating trigonal boron species embrace also tetrahedral 
30 species. The symbol may further include boronic groups in anhydride foim. 

The salts may be in the form of solvates, particularly hydrates. 

The salts may comprise, or consist essentially of, acid salts in which the boronic add is singer 
35 deprotonated. The disdosure therefore includes products having a metel/boronate stoichiometry 
consistent with the boronate groups in the product predominantly (more tiian 50 mol %) carrying a 
single negative charge. 
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The salts may have a purity, e.g. as determined by the method of Example 34, of at least about 
90%, e-g. of greater than or equal to about 95%. In the case of pharmaceutical formulations, such 
salt forms may be combined with pharmaoeuticaHy acceptable diluents, axclpients or earners. 

5 

According to a further aspect of the present disclosure, there is provided a method of treatment of a 
condition where anti-thrombotic activity is required which method comprises oral administration fay 
drinking of a therapeutically effective amount of a boronic acid compound disclosed herein, e.g. a 
pharmaceutical^ acceptable base addition salt of a boronic acid of formula (I) to a person suffering 
1 0 from, or at risk of suffering from, such a condition. 

The examples of this specification indicate that the disdossd compounds are, surprisingly, absorbed 
relatively rapidly from the stomach without damaging levels of degradation of the active principle 
and that plasma concentrations of the active principle return to tolerably tow levels within about 4 
1 5 hours of administration. 

* 

TRI 50c base addition salts are obtained via TRI 50c esters. However, published synthetic routes to 
TRI 50c esters and thus t» TRI 50c give rise to one or more impurities. Synthetic Method I 
(unpublished as of firing this application) for making the salts give rise to one or more impurities and 
20 very high purity salts were, not obtained. Further, the salts have proved most challenging to obtain 
in high purity. Thus, purification techniques which were applied failed to produce very high purity 
salts. HPLC will not be usabie on an industrial scale to purify salts made via published TRI 50c ester 
syntheses: and the salt preparation techniques of Synthetic Methods I. In other words, in order for 
the therapeutic benefits of TRI 50c salts to be provided to those in need thereof, the sate must be 
25 obtainable industrially in adequately pure form and the pure form must be attainable without the 
use of excessively expensive purification techniques. 

> 

The disclosure provtdes techniques for purifying organoboronic compounds and techniques for 
helping to maintain the purity of organoboronic compounds, and the products of such techniques. 
30 The present disclosure further provides a method of making such high purity safts and the high 
purity safts themselves. In particular, disclosed herein in one embodiment is a method comprising a 
chirally-seiectrve precipitation step which results in a precipitated boronic acid derivative of high 
purity. Further provided is a method for hydrolysing organoborangte that can be used to help obtain 
high purity safts. In another embodiment, there is disclosed a method for preparing the salts 
35 described in the previous paragraph in high purity and wherein selected solvents are used to help 
achieve high purity levels. 



DOSmm : 09- Maf -04 06:30 



9. MAR 



2004 19:01 



HARRISON GODDARD FOO 



NO. 586 



P. 23 



iWl 1 I7C4K2 



19 



In another aspect there is provided a novel synthesis useful fn the preparation of the TRJ 50c 
boropeptide and other compounds; also provided are aminoboronates and boropeptides obtainable 
indirectly from the synthesis. 

5 There are further provided boronlc acid salts of specified purity and pharmaceutical formulations 
containing them. The subject matter of this paragraph and the preceding two paragraphs fs further 
described later in this spedfication under the headings "High Purity Synthesis" and u High Purity 
Products". 



10 In one aspect, the disclosure provides the use of diethanolamlne to resolve by precipitation boronic 
acid compounds (whether provided as the acid or, for example, an ester), wherein the acid is of the 
formula X-(R.)-aal-CS)-aa2-NH-C*(Rl)H-B(OH) 2/ where aa 1 , aa 2 and R 1 are as described below and 

C* is a chira! centre present initially im both chiralitTes. The disclosure farther provides a method of 

resolving the dhiraF isomers, in which the diethanolamlne is used in an amount of 1.25 + 0.1 

15 equivalents per equivalent of the boronic acid compound having chiral centre in (Re- 
configuration. 

Another aspect of the disclosure relates to the protection of organoboronic compounds from 
degradation by OB bond cleavage, us!ng e technique not designed to be protective against the 
20 previously known oxidative mechanism of C-B bond cleavage. The method comprises the aqueous 
hydrolysis of a boronic compound, e.g. boronlc ester, for a period sufficientfy short substantially to 
avofd cleavage of the C-B bond. By way of example, a period of no more than about 30 minutes at 
about room temperature may be mentioned. 

25 Further included is the use of acetonitrile as a solvent in the preparation of organoboronate salts. In 
particular, an organoboronic acid Is dissolved in acetonitrile and contacted with a base to form the 
corresponding organoboronate salt. A solid organoboronate salt containing water may be dried by 
azeodrying using acetonitrile. 

30 Also provided is a process for separating diastereomers of a boronic acid of formula (XX): 




OH 



(XX) 



OH 



where: 



35 



X is H (to form NHj) ar an ammo-protecting group; 
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aa* is an amino acid residue of (R) configuration selected from Phe, Dpa and wholly or 
partially hydrogenated analogues thereof; 

5 as 2 is an imino acid residue of (S) configuration having from 4 to 6 ring members; 

R 1 is a group of the formula -(CH2)s-Z, where s is 2, 3 or 4 and Z is -OH, -OMe, -OEt or 
halogen (F,'Gl, Br or I), 

1 0 and where C* is a chiral centre, 

the process comprising: 

combining (A) a starting solution in dietbylether of a boronic species selected from the 
boronic acid (I) and its esters with alcohols selected from alcohols in which the sole potential 

15 electron donor hefceroatoms are oxygens which, in the boronic ester, correspond to the oxygens of 
the ester functional group, the starting solution containing both boronic species having a crural 
centre C* of (R) configuration and boronic species having a chiral centre e* of (S) configuration; and 
(B) diethanolamine, the diethanoiamine being in an amount of 1.25 ±0.1 equivalents based on the 
boronic species in whtch chira! centre C* is of (R) configuration, and mixing to form a mixture; 

20 causing or allowing the boronic species and the diethanpiamrne to react until a precipitate 

forms; ?and 

recovering tha precipitate. 

The preclprtab'on step is selective for species having a chira I centre C* of (R) configuration, which 
25 are recovered In high purity. 

The process may comprise converting the recovered precipitate to the acid of formula (I) by 
dissolving th<* precipitate in an organic solvent selected from halohydrocarbons and combinations 
thereof, agitating the resulting solution with an aqueous medium, for example an aqueous add 
30 having a pH of below 3, whereby the dissolved precipitate fs converted to the formula (I) acid, and 
recovering the formula (I) add by evaporation. 

One process of the disclosure comprises hydrolysing, e.g. allowing the hydrolysis of, a 
dfethanolamine ester of an add of formula (I) with an aqueous medium for a time sufficiently short 
35 for the product acid to be substantially free of impurity resulting from carbon -boron bond cleavage. 

- One class of processes further comprises converting the recovered acid of formula (I) to a 
pharmaceutically acceptable base addition selt thereof by dissolving the acid in acetonitrife, 
combining the resultant solution with an aqueous solution or suspension of a pharmaceutical^ 
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acceptable base, and causing or allowing the base and the add to react, then evaporating to 
dryness to obtain an evaporation residue. 

The base addition salt may thereafter be incorporated in a pharmaceutical formulation. 

5 

The invention further includes a process for making a boronfc acid of Formula (I) in which R* is of 
the formufa <CH 2 ) s -f>R 3 wherein R 3 is methyl or ethyf and s is independently 2, 3 or 4, or for 
making a synthetic intermediate for such an acid, the process comprising: 

reacting a 1-metal/oaJkoxyaIkane, where the alkoxyalkane is of the formula -(C^s^R^ 
10 and a borate ester to form a compound of Formula (YE): 

(HO)2B-(CH 2 VO-r3 (VI), 

the process optionally further comprising converting the compound of Formula (VI) into an acid of 
formula (I), for example by a known process. 

15 In one class of processes, the compound of Formula (VI) is converted into an ester of the formula 
(I) acid, which ester is transesteriffed with dlethanolamine to form a precipitate. The precipitate 
may then be recovered for further processing. Suitably, the diethanolamrne iransesterification is 
used for resolving chiraf isomers, as described herein, The resolved active R,S,R isomer may then 
be converted from the diethanolam ine ester to the free acid, for example as described herein, and 

20 the free acid may desired be converted to a salt, for example as described herein. 

The disclosure includes the products of the aforesaid processes and formulations containing such 
products. Further aspects and embodiments of the disclosure are described and claimed in the 
following specification. In particular, the disclosure includes pharmaceutical preparations containing 
25 salts obtained by, or obtainable by, the above process and the use of such salts and formulations for 
the therapeutic purposes dfeciosed herein. 

The salts described herein include products obtainable by (having the characteristics of a product 
obtained by) reaction of the boronfc acid with 3 strong base and the term ^salt" herein is to be 
30 understood accordingly. The term "safT in relation to the disclosed products, therefore, does not 
necessarily imply that the products contain discrete cations and anions and is to be understood as 
embracing products which are obtainable using 3 reaction of a boronfc acid and a base. The 
disclosure embraces products wMch, to a greater or lesser extent are tn the form of a coordination 
compound. The disclosure thus provides also products obtainable by (havfng the characteristics of a 
35 product obtained by) reaction of a boronlc acid (I) with a strong base a well as the therapeutic, 
including prophylactic, use of such products. 
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The present disclosure is not limited as to the method of preparation of the salts, provided that they 
contain a boronate species derived from boronlc acid (I) and a counter-ton. Such boronate species 
may be boronate anions in any equilibrium form thereof. The term "equilibrium form" refers to 
differing forms of the same compounds which may be represented In an equilibrium equation (e.g. 



5 boronic acid in equilibrium wfth a boronic anhydride and in equilibrium with different boronate ions). 
Boronates in the solid phase may form anhydrides and the disdfosed boronate salts when in the soKd 
phase may comprise boronate anhydrides, as a boronic equilibrium species. It is not required that 
the salts be prepared by reaction of a base containing the counter-ion and the boronic acid (I). 
Further, the disclosure includes salt products which might be regarded as indirectly prepared by such 
10 an add/base reaction as well as salts obtainable by (having the characteristics of products obtained 
by) such indirect preparation. As examples of possibly indirect preparation may be mentioned 
processes in which, after initial recovery of the salt, it is purified and/or treated to modify its 
physicochemical properties, for example to modify solid form or hydrate form, or both. 

15 In some embodiments, the cations of the salts are monovalent. 

In some embodiments the salts comprise anhydride species; in others they are essentially free of 
anhydride species. 

20 Further aspects and embodiments of the disclosure are set forth in the following description and 
claims. Also included as such are the salts described herein. 

Throughout the description and claims of this specification, the words '"comprise"" and ^contain" and 
variations of the words, for example "comprising" and ""comprises", mean "including but not limited 
25 to", and are not intended to (and do not) exclude other moieties, additives, components, integers or 
steps. 



This patent application contains data indicating that the stability (resistance to deboronation) of 
organoboronic adds may be increased by providing them In the form of salts, e.g. metal salts. In 

30 single experiments, the ammonium salt of TRI 50c appeared to decompose on drying to yield 
ammonia, whilst the choline salt demonstrated rapid decomposition to a deboronated Impurity. 
Although experiments have not been conducted to reproduce these unrepeated observations, there 
is provided a sub-dass in which the ammonium and choline salts are excluded. The salt may be an 
add salt. In any event, this stabilisation technique forms part of the disclosure and Is applicable, 

35 Inter to organoboronic acids described under the heading "BACKGROUND" and to 
organoboronic acids described in publications mentioned under, that heading. . 

DETAILED DESCRIPTION OF SEVERAL EXAMPLES 
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r Glossary 

The following terms and abbreviations are used fn this specification: 

5 The expression "acid safe" as applied to a salt of a boronic acid refers to sate of which a single -OH 
group of the trigonaliy-represented add group -B(0H) 2 is deprotonated. Thus sate wherein tte 
boronate group carries a single negative charge and may be' represented as -BfQHXO-) or as 
|>B(OH) 3 r are acid salts. The expression encompasses salts of a cation having a vafency n wherein 
the molar ratio of boronic add to cation is approximately n to 1. In practical terms, the observed 
stoichrometry is unlikely to be exactly mi but will be consistent with a notional ml stoichiometry. 
For example, the observed mass of the cation might vary from the emulated mass for a ml 
stoichiometry by no more than about 10%, e.g. no more than about 7.5%; in some cases an 
observed mass of a cation might vary from the calculated mass by no more than about l%. 
Calculated masses are suitably based on the trigonal form of the boronate. (At an atomic level, a 
15 salt stoichiometrically consistent with being an add salt might contain boronates fn a mix 'of 
pmtonation states, whose average approximates to single deprotonation and such "mixed" salts are 
included in the term *acrd salt"). Examples of add salts are monosodium sate and hemicaldum 
sate. 



10 



20 



25 



30 



35 



a-Aminoboronic add or Boro(aa) refers to an amino acid in which the CO S group has been replaced 
by BO2. 



The term "amino-group protecting mofety" refers to any group used to derivatlse an amino group, 
especially an N-terminal amino group of a peptide or amino acid. Such groups include, without 
limitation, alkyl, acyl, alkoxycarbonyi, aminocarbonyl, and sulfonyl moieties. However, the term 
-amino-gmup protecting moiety" is not intended to be limited to those particular protecting groups 
that are commonly employed fn organic synthesis, nor is it intended to be limited to groups that are 
readily deavable. . 

The expression dispensing container" refers to a container adapted to dispense a contained 
formulation prior to administration. Thus a capsule, which is not intended to release the active until 
after ingestion, is not a dispensing container. As used herein, the expression refers particularly to 

containers which serve to dispense particulate formulations which are to be reconstftuted into 
liquid formulation or directly pfaced in the mouth for fast release of the active ingredient. A 
dispensing container may comprise a moulded plastics body (whether it contains a single unit of 
formulation or is a metered dose dispenser) or it may be a sachet, for example. 



a 
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^Drinkable preparation" means a preparation having suitable characteristics to be drunk, Thus the 
quantity is suftable for drinking (as opposed to a 5m| spoonful which is swallowed, not drunk) and 
may by way of example be from about 50 to about 150 ml; sometimes the quantity exeeedslSOmJ. 
The quality must also b& suitable for drinking, thus the preparation must be non-toxic and tolerable 
5 to drink in terms of taste. 

The expression *monodose formulation" means a formulation containing an active ingredient in an 
amount corresponding to the desired dosage at which the ingredient is to be administered. For 
example, if at any one instance of administration (e.g- prior to haemo dialysis) an active ingredient is 
10 to be administered in an amount of 3O0mg then a moncdose formulation will contain 30Qmg of the 
ingredient 

The phrase "pharmaceutical^ acceptable" is employed herein to refer to those compounds, 
materials, compositions, and/or dosage forms which are, within the scope of sound medicaJ 
15 judgment, suitable for use in contact with the tissues of human beings or animals without excessive 
" toxicity, irritation, allergic response, or other problem or complication, commensurate with a 
reasonable benefit/risk ratio. 

E 

The expression thrombin inhibitor" refers to a product which, within the scope of sound 
20 pharmacological judgement, is potentially or actually pharmaceutical^ useful as an inhibitor of 
thrombin, and includes reference to substance which comprises a phaimaceutically active species 
and is described, promoted or authorised as a thrombin inhibitor. Such thrombin inhibitors may be 
selective, that is they are regarded, within the scope of sound pharmacological judgement, as 
selective towards thrombin in contrast to other proteases? the term "selective thrombin inhibitor" 
25 includes reference to substance which comprises a pharmaceutical active species and is described, 
promoted or authorised as a selective thrombin inhibitor. 

The term "heteroaryr refers to a ring system which has at least one (e,g. 1, 2 or 3) in-ring 
heteroatoms end hgs a conjugated in-ring double bond system. The term "heteroatom" includes 
30 oxygen, sulfur and nitrogen, of which sulfur is sometimes less preferred. 

"Natural amino acid" means an L-arnino acid (or residue thereof) selected from the following group 
of neutral (hydrophobic or poiar), positively charged and negatively charged amino acids: 

35 Hydrophobic amino acids 

A = Ala - alanine 

V - Val = valine 
I = He = isoleucine 
L = Leu - teucine 
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M = Met = methionine 
F = Phe = phenylalanine 
p = pro = proline 
W «= Trp « tryptophan 

5 

Polar ( neutral or uncharged^ ammo acids 
N = Asn - asparaginic 

C - Cys = cysteine 

Q = Gin = glutamine 

10 g « Gly = glycine 

S = Ser = serine 

T = Thr = threonine 

Y = Tyr = tyrosine 

15 Positively charged f basto amino ackfe 

R - Arg - arginine 

H = His = histfdine 

K ~ Lys = lysine 

20 Negatively changed am ino acids 

D = Asp = □spartic add 

E = G(u « glutamic add. 

ACN = acetoriitrile 
25 Amino acid «= cc-amino acid 

Base addition salt « a saJt which is prepared from addition of an inorganic base or an organic base 
to a free acid (In this case the boronic acid). 

Cbz - benzyloxycarbonyl 

Cha a cydohexylalanine (a hydrophobic unnatural amino acid) 

30 Charged (as applied to drugs or fragments of drug molecules, e,g. amino acid residues) = carrying a 
change at physiological pH, as in the case of an amino, arnidino or carboxy group 
Dcha = dicydohexylalanine (a hydrophobic unnatural amino acid) 
Dpa = diphenylalanine (a hydrophobic unnaturai amino acid) 

Drug m a pharmaceutical^ useful substance, whether the active in vivo principle or a prodrug 
35 Mpg => 3-rnethoxypropyiglycrne (a hydrophobic unnatural amino add) 
Multivalent « valency of at least two, for example two or three 

Neutral (as appfied to drugs or fragment? of drug molecules, e>g, amino add residues) = uncharged 
= not carrying a charge at physiological pH 

Pinac = Pinacol - Z/S-dimethyj^S-butanedioE 
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C^' Pinanediol = 2,3-prnanediol ~ 2AS-trimetftyIbicydo [3.14] heptane-2,3-dioi 

Pip - p/pecoiinic add 
Room temperature - 25°C ± 2 Q C 

Strong base - a base having a sufficiently high pKb to react with a boronic acid. Suftably such 
5 bases have 3 pKb of 7 or more, e.g. 7.5 or more, for example about 8 or more 

THF = fetrahydrofuran 

Thr = thrombin 



10 



Conversion Factors 



Unless otherwise stated the following conversion factors are used in this specification to convert 
between motes and mass in grams and for other similar calculations: 

* the molecular weight of TRI 50c is determined in relation to the trigonal form (molecular 
weight 525.4) 

15 * the molecular weight of TRI 50c monosodium salt is calculated on the basis of the 

monohydrate CC Z7 H35BN 3 0 7 )Na H 2 0 (molecular weight 565.39). 

The Compounds 

r 

20 The disclosure relates to boronic acids which have a neutral amlnoboronic acid resrdue capable of 
binding to the thrombin Si subsite (inked to a hydrophobic moiety capable of binding to the 
thrombin S2 and S3 subsides. It relates afso to prodrugs (e.g. esters) and salts of such adds, 
particularly base addition sate. The disclosure includes acids of formula (I) above and afso those of 
a sub-class represented by the following formula (in): 

25 

Y'-CO-NH-CH-BC (if I) 

I OH 

wherein 

Y comprises 

an amino group bonded to structural fragment -CHCR 9 hB(OH)2/ and 

30 a hydrophobic moiety which is linked to said amino group and which, together with said structural 
fragment, has affinity for tihe substrate binding site of thrombin; 

Y comprises a hydrophobic moiety and Y'CO together with -fragment -NHCR(R 9 )~B(OH)2 r has 
affinity for the substrate binding site of thrombin; and 

35 
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is a straight chain alky] group interrupted by one or more ether linkages and in which the total 

number of oxygen and carbon atoms is 3, 4, 5 or 6 (e.g. 5) or R 9 is -(O^nyW where m is from 2, 

3 f 4 or 5 (e.g. 4) and W is -OH or halogen (F, CI, Br or I). As examples of straight chain alkyf 
interrupted by one or more ether linkages (-0-) may be mentioned alkoxyalkyl (one interruption) 

and alkoxyaikco^yalkyi (two interruptions]!. R 9 is an alkoxyalkyl group in one subset of compounds, 
e.g. alkoxyalkyl containing 4 carbon atoms, 



. Typically, Y- comprises an amino acid residue (whether natural or unnatural) which binds to the 52 
subsite of thrombin, the amino acid residue being N-termrnally linked to a moiety which binds the S3 

10 subsite of thrombin. Y- may be of the formula Z 3 -Z 2 -CO- where -Z 2 -CO- is an amino acid residue 
having affinity for the S2 subsite of thrombin and 7? is a moiety which has affinity for the S3 subsrte 
of thrombin. 

The boronic aad may apmprise linkages between the structural fragment -CH(R 9 )~B(OH)2 and 

15 moiety Y or linkages anchor a linkage Within Y, e,g, the Z 3 -Z 2 linkage, which comprises a nitrogen 

atom as ~NH- or as -NR. 14 - where R 14 is a C1-C43 hydrocarbyl group optionally containing in-ehain 

and/or in-ring nitrogen, oxygen or sulfur and optionally substituted by a substituent selected from 
halo, e.g. F, or a functional group, for example hydroxy. The hydrocarbyl group may contain from 1 
to 4 carbon atoms; it may be aikyl or otherwise comprise a moiety bonded to said nitrogen atom 
20 which is selected from -CH2- and halogenated variants thereof, especially fluonnated variants for 

example -CF2-, 

In one class of Formula (I) acids, Y- is an optionally N-terminalfy protected dipeptide residue which 
binds to the S3 and S2 binding sites of thrombin and the peptide linkages in the acid are optionally 

25 and independently N-substituted by an group. The N-termina! protecting groisp r when present, 
may be a group X as defined above (other than hydrogen). In many instances, the acid contains no 
N-substrtuted peptide linkages; where there is an W-substituted peptide linkage, the substftuent is 
often 1C to 6C hydrocarbyl, e.g„ saturated hydrocarbyl; the N-substrtuent comprises a ring in some 
embodiments, e,g. cycioalkyl, and may be cyciopentyl, for example, One class of acids has an N- 

30 terminal protecting group (e.g. an X group) and unsubstituted peptide linkages. 

Where Y- is a dipeptide residue (whether or not N-terminally protected), the S3-binding amino acid 
residue may be of R configuration and/or the S2-binding residue may of 5 configuration. The 

fragment ~NHCH(R 9 )-B(OH) may be of R Configuration. The disdosune is not restricted to chiral 
35 centres of these conformations, however, 
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In one class gf compounds, the side chain of the P3 (53-binding) amino acid and/or the P2 (S2- 
bmding) amino acid l$ a moiety other than hydrogen selected from a group of formula A or B: 

-(CO) a -(CH Z )b-D c -(CH 2 ) d »E (A) 

wherein 
a is 0 or i; 
e is 1; 

10 b and d are independently 0 or an integer such that (b+d) is from 0 to 4 or, as the case may be, 
(b+e) is from 1 to 4; 
cisOorl; 
D is O or S; 

E is H r C^-Cg alkyt f or a saturated or unsaturated cyclic group which normally contains up to 14 
15 members and particularly is a 5-6 membered ring (e.g, phenyl) or an S-14 membered fused ring 
system (e.g. naphthyl), which elkyl or cyclic group is optionally substituted by up to 3 groups (e.g. l 

group) independently selected from C v C e triatkyisNyl, -CN, -R 13 r -R i2 OR i: ^ -R 12 COR 13 , - 

R 12 C0 2 R 13 and -r12o 2 Cr!3 / wherein R 12 is -(Oh)r and r13 *s (CHo) g H or by a moiety whose 
non-hydmgen atoms consist of carbon atoms and in-ring heteroatoms and number from 5 to 14 and 
20 which contains a ring system (e.g. an aryi group) and optionally an afkyl and/or alkyfene group, 
wherein f and g are each independently from 0 to 10, g particularly being at least 1 (although -OH 
may also be mentioned as a substituent), provided that (f+g) does not exceed 10, more particularly 
does not exceed 6 and most particularly fs l r 2, 3 or 4, and provided that there is oniy a single 
substituent if the substftuent is a said moiety containing a ring system, or E is C^Cg trialkyJsilyl; 

25 and E 1 , E 2 and E 3 are each independently selected from -R i5 and O-R 15 , where J is a 5-6 
membered ring and R 15 is selected from C^-C^ triafkylsilyi, -CN, -R 13 , -R 12 QR 13 , -R 12 CORl3, - 

R 12 CG 2 R 13 , -R i2 0 2 CR 13 , and one or two halogens (e.g. in the latter case to form a -J-R 15 moiety 
which is dichiorophenyl), where R 12 and R 13 are, respectively, an R 12 > moiety and an R 13 moiety as 
defined above (in some acids where E 1 , E 2 and E 3 contain an R 15 group, g is 0 or 1); 

30 

in which moiety of Formufa (A) or (B) any ring is carbocydic or aromatic, or both, and any one or 
more hydrogen atoms bonded to a carbon atom is optionally replaced by halogen, espedaliy p, 

In certain examples, is 0. If a is 1, e may be 0, In particular examples, (a+b+c+d) and 
35 (a+b+c+e) are no more than 4 and are more especially 1, 2 or 3, (a-F-b+c+d) may be 0. 
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Exemplary groups for E, E^ and E 3 include aromatic rings such as phenyl, naphthyl, pyridyf, 
quinolinyi and furanyl, for example; non-aromatic unsaturated rings, for example cyclohexenyl; 
saturate rings such as cyclohaxyl, for example. E may be a fused ring system containing both 
aromatic and non-aromatic rings, for example fluorenyl. One class of E, E 1 , E 2 and E 3 groups are 
5 aromatic (including heteroaromatic) rings, especially 6-membered aromatic rings. In some 

compounds, El is H whilst E^ and E 3 are not H; in those compounds, examples of E% and E 3 groups 

are phenyl (substituted or unsubstituted) and C x <^ a\ky\, e.g. methyl. 

In one class of embodiments, E contains a substituent which is Ci-Cg alky!, (C1-C5 allcyl)carbcnyi, 

10 carboxy C r C 5 alkyl, aryl (including heteroaryl), especially 5-membered or preferably 6-membered 

aryl (e.g. phenyl or pyridyl), orarylalkyl (e.g. arylmsthyl or arylethyl where aryf may be heterocyclic 
and is preferably 6-membered). 

In another class of embodiments, E contains a substituent which is OR* 3 wherein R 13 can be a 6- 
15 membered ring, which may be anomabc (e.g. phenyl) or fe alkyl (e.g. methyl or ethyl) substituted by 
such a 6-membered ring. 

A class of moieties of formula A or B are those in which E is a 6-membered aromatic ring optionally 
substituted, particularly at the 2-position or 4-position, by -r13 or -OR 13 . 

20 

The disclosure includes safe in which the P3 and/or P2 side chain comprises a cyclic group in which 
1 or 2 hydrogens have been replaced by halogen, e.g. F or CI. 

The disclosure includes a class of salts in which the side chains of formula (A) or (B) are of the ■ 
25 following formulae (I), (ii) or (Iff), or be variants thereof in which one or both phenyl rings of (if) or 
the phenyl ring of (iii) are replaced by cydohexyl or cyclohexenyl: 
q,HfcCHT 2 (i) 

J3- 7 



30, 



C^CH GO C q H 2qCH"^ (fit) 




T 



wherein q is from 0 to 5, e.g. is 0, 1 or 2, and each T is independently hydrogen, 1, 2 or 3 halogens 
(e.g. F or CI), -SiMe 3 , -CN, -R* 3 , -OR* 3 -cor13, -co 2 Rl 3 or -C^CR* 3 . m sbme embodiments of 
structures (ii) and (iii), T is at the 4-positfon of the phenyl group(s) and is -R* 3 , -or13 ? -cor*- 3 - 
C0 2 Rl3 or -0 2 CR 13 and R 13 is C r C 10 alkyl and more particularly C r C 6 alkyl. In one sub-class, T 
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f s -r13 or -OR i3 , fbr example in which f and g are each independently 0, I, 2 or 3; in ^ome side 
chains groups of this sub-dass,T is -R i2 OR. 13 and R 13 is H. 

In one class of the moieties, the side chain is of formula (r) and each T is independently R 13 or 
5 OR 13 and R i3 \$ C1-C4 alky[ s In some of these compounds, R 13 is branched alky! snd in others it Is 
straight chain. In same moieties, the number of carbon atoms is from i to 4. 

In many dipeptide fragments YCo- (which dipeptides may be N-terminal!y protected or not), the P3 
amino acid has a side chain of formula (A) or (B) as described above and the P2 residue is of an 
10 imino add. 

.-■ 

The disclosure therefore includes; medicaments comprising salts, e,g. metal salts, of organoboronic 
acids which are thrombin inhibitors, particularly selective thrombin inhibitors, having a neutral Pi 
(Sl-binding) moiety. For more information about moieties which bind to the S3, S2 and SI srtes of 
15 thrombin, see for example Tapparellf C et al, Trends Pharmacol Sd r V\\ 366-376, 1993; Sanderson 
P et al, Current Medicinal Chemistry, 5; 289-304, 1998; Rewinkel J et al f Current Pharmaceutics! 
Design, 5:1043-1075, 1999; and Coburn C Exp, Opin, Then Patents 11(5); 721-738, 2001. The 
thrombin inhibitory saits of th$ disclosure are not limited to those having S3, S2 and SI affinity 
groups described in the publications listed in the preceding sentence, 

20 

The boronic acids may have a Ki for thrombin of about 100 nM or less, e.g. about 20 nM or less. 

<_ 

A subset of the Formula (I) acids comprises the acids of Formula (II): 

.OH 

X-aai-aa 2 ~NH-CH-B. (II) 

| OH 

X is a moiety bonded to the N-tsrmina! amino group and may be H to form NH^. The identity of X is 

25 not critical but may be a particular X moiety described above. In one example there may be 
mentioned benzyloxycarbonyl. 

In certain examples X Fs R 6 -CCH2) p ~C(0>, R 6 -tCH2) p -S(0) 2 - R 6 -(CH 2 ) p -NH-C(0> or R 6 -CCH 2 > p -0 

C(0)~ wherein p is 0, 1, 2, 3, 4, 5 or 6 (of which 0, l and 2 are preferred) and R 6 Fs H or a 5 to 13- 
30 membered cyclic group optionally substituted by one or more (e.g. 1, 2, 3 7 4 or 5> halogens (e.g. F), 
for example at lea^t at the 4-positIon, and/or by 1, 2 or 3 substrtuents selected from amino, x\i£ro r 
hydroxy, a C5-C5' cyclic group, C4-C4 alkyl and C^-Cq alkyi containing, and/or linked to the 5 to 13- 

membered cyclic group through, an in-chain O, the aforesaid alky! groups optionally being 
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substituted by a substituent selected from hafogen, amino, nftra, hydroxy and a C S -C S cyclic group. 
More particularly X is R 6 -(CH 2 ) p -C(0)- or R^CH 2 } p -0-C(O> and p fe 0, 1 or 2 fn these moietfas, ft« 
may be phenyl or fiuorophenyL Said 5 to 13-membered cyclic group is often aromatic or 
heteroaromatic, for example is a S-membered aromatic or hetenoaromatjc group. In many cases, 
5 the group is not substituted. 

Exemplary X groups are (2-pyrasine) carbonyl, (2-pyrazine) sulfonyf and particularly 
benzyioxycarbonyl or ben^lmethyicarbonyl. 

10 aa* fe an amino acid residue having a hydrocarbyl side chain containing no more than 20 carbon 
atoms (e.g. up to 15 and optionally up to 13 c atoms) and comprising at least one cyclic group 
having up to 13 carbon atoms- In certain examples, the cyclic groupc$) of aa 1 have/has 5 or 6 ring 
members. For instance, the cyclic group(s) of aa* may be aryl groups, particularly phenyl. Typically, 

there are one or two eyerie groups In the aa 1 side chain. Certain side chains comprise, or consist of, 
15 methyl substituted by one or two 5- or 6- membered rings. 

More particularly, aa* is Phe, Dpa or a wholly or partiafly hydrogenated analogue thereof, The 
wholly hydrogenated analogues are Cha and Dcha. 

20 aa z is m irnrno add residue having from 4 to 6 ring members, Alternatively, aa 2 is Gly N- 
substftuted by a C 3 -C 13 hydrocarbyl group, e.g. a C 3 -C S hydrocarbyl group comprising a c 3 -Cs 
hydrocarbyl ring; the hydrocarbyl group may be saturated, for example exemplary N-substituents 
are cydapropyl, cyclobutyl, cyclopentyf and cydohexyi, As a hydrocarbyr group containing one or 
more unsaturated bonds may be mentioned phenyl and methyl or ethyl substituted by phenyl, e.g. 

25 2-phenyfethyi, as well as p,p -dialkylphenylethyl. 

As another alternative, aa^ is the p-amino acid analogue of Gly (i.e. H 2 N-CH 2 -a-f 2 -COOH) N- 

m 

substituted by a C 3 -C 13 hydrocarbyl group, e.g. a C^C S hydracarbyl group comprising a C 3 -C 6 
hydrocarbyi ring; the hydrocarbyl group may be saturated, for example exemplary N-substrtuents 
30 are cyclopropyl, cyclobutyf, eyelopentyl and cyciohexyl. As a hydrocarbyl group containing one or 
morei unsaturated bonds may be mentioned phenyl and methyl or ethyl substituted by phenyl, e.g. 
2-phenyJethyI, as well as -dlalfcylpbenytefchyi. 

The disclosure Includes a class of compounds in which aa 2 is a residue of a p-amino acid having a 4 
35 to 6 membered carbocydic ring which optionally has one carbon atom replaced by a sulfur and of 
which the ring-forming carbon atoms Include the carbon atoms a- and p- to the carboxyf group (i.e. 
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( '"' the p-amino acid comprises a 4 to 6 membered carbocydie ring which is 1-substituted by caroboxyl 
and 2-substftuted by amino and which may at one other position contain an S atom. 

An exemplary class of products comprises those in which aa 2 is a residue of an fmino acid of formula 
5 (IV) 




h,cT ;ch-cooh (rv)i 



N 



H 

where R, 11 is -CH2" f -O^-CH^-, ~CH2 =CH 2 ' -S-Chb- or -Ch^C^-CHz-, which group when the 
ring is 5 or 6-membered is optionally substituted at one or more -CH2- groups by from i to 3 C4-C3 

alky! groups, for example to torn the R 11 group -5~C(CH3)2-. Of these imino adds, azetidfne-2- 

10 carboxylic acrd, especially (5)-azetidine-2-carboxylic acid, and more particularly proline are 
illustrative. 

Also to bs mentioned as aa 2 are p-ammo adds of formula p: 




15 

wherein R 11 is as previously defined. 

In embodiments, aa 2 is a residue of an N-substrtuted Imino acid or p-amino acid, . 

20 It will be appreciated from the above that a very preferred class of products consists of those in 
which aa^-aa 2 is Phe-Pro. In another preferred class, agi-aa 2 is Dpa-Prp, In other products, aa 2 -- 

aa^ is cha-Pro or Dcha-pro. Of course, afso included are corresponding product classes in which Pro 
is replaced by (s)~asetidine-2-carboxylic acid. 

♦ 

25 R 9 is as defined previously and may be a moiety R 1 of the formula -(C^h^, Integers is 2, 3 or 4 

and W Is -OH, -OMe, -OEt or halogen (F T C\, I or, preferably,. Br). Particularly Illustrative Z groups 
are -OMe and -OEt, especially ~OMa. In certain examples s is 3 for all Z groups and, indeed, for all 

compounds of the disclosure. Particular R 1 groups are 2-bromoethyI, 2-chloroethy|, 2~rnethoxyethyf, 
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4-bromobutyl, 4-chforobutyl, 4-methcxybutyf and, especially, 3-bromopropyl, 3-chloropropyl and 3- 
methoxypropyt. Most preferably, R* is 3-methoxypropyl. 2^tho W ethyl is another preferred R* 



group 



Accordingly, a specific class of acids are those of the formula X-Phe-Pro-Mpg-BCOH) 2 , especially Cbz- 
Phe-Pn>Mpg-B(OH) 2 ; also included are analogues of these compounds in which Mpg is replaced by 

a residue with another of the R* groups and/or Phe is replaced by Dpa or another aa* residue. Also 
Included are compounds in which tbz is replaced by benzylmethylcarbonyl (Ph-Et-CO). 





ff \ -6 



1 o 




OMe 

Cbz-(R>Phe-(S)~Pro-(ft)-boroMpg-OH 



10 The agl moiety of the acid is preferably of R configuration. The aa2 moiety is preferably of (S)- 
configuration. Particularly preferred compounds have aa* of (RHranfiguration and aa 2 of (S)- 
configuration. The chiral centre -NH-CH(Rl)-B- is preferably of (R)-oonfiguratipn. It is considered 
that commercial formulations will Have the chiral centres in (R,S,R) arrangement, as for ©cample in 
the case of salts of Cbz-Phe-Pro-BoraMpg-OH: 

15 

In preferred embodiments, the Various aspects of the disclosure relate to pharmaceutical ly 
acceptable base addition salts of the described acids. 

The disclosure includes base addition salts of Cbz-(R)-Phe-CS)-Pro-(R)-boroMpg-OH (and of other 
20 compounds of the formula X<R>PHe<S)-Pro-(R>boroMpg-OH) which are at least 90% pure, e.g. at 
least 95% pure. 



In broad terms, the salts described herein may be considered to correspond to reaction products of 
an organoboronic acid as described above with a strong base, e.g. a basic metal compound; the 
25 salts are however not limited to products resulting from such a reaction and may be obtained by 
alternative routes. 
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The salts are therefore obtainable by contacting disclosed acid with a strong base. The disclosure 
thus contemplates products (compositions of matter) having tfte characteristics of a reaction product 

of an acid of formula (I) and a strong base. The base is pharmaceutical^ acceptable. 

*• 

5 As suitable salts may be mentioned salts of metals, e.g. of monovalent or divalent metals, and 
stronger organic bases, for example: 

1, Alkali metal salts; 
10 2. Divalent, e.g. alkaKne earth metal, salts; 



15 



20 




3. Group in metals; 

4. Salts of strongly basic organic nitrogen-containing compgunds, includingi 
4A. Safts of guanidines and their analogues; 

4B. Salts of strongly basic amine, examples of which include (i) aminosugars and (ii) other 
amines. 

Of the above salts, particularly illustrath/e are alkali metals, especially Na and LL Also illustrative are 
ammosugars* 

Specific salts are of the add boronate though in practice the add salts may contain a very smalt 
25 proportion of the doubly deprotonated boronate. The term *acid boronate" refers to trigonal 
-B(OH)2 groups in which one of the B-OH groups is deprotonated as well as to corresponding 
fcetrahedral groups in equilibrium therewith. Acid boronates have a stofchtometry consistent vvrth 
single deprotonatton. 

30 The disclosure includes therefore products (compositions of matter) which comprise salts which may 
be represented by formula Qf); 



X- aa^aHJH-CH-Bf 

] OH 



yn+ (V) 



n 
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wh&re Y* + is a pharmaceutical acceptable cation obtainable from a string base, and aa 1 , aa 2 , X 

and R 1 are as defined above. Also included are products in which is replaced by another R 9 
group. 

5 One dass of salts have a solubility of about 10 mM or wore, e.g. of at least about 20mM, when their 
solubility Fs determined as described in the examples at a dissolution of 25mg/ml. More particularly 
yet they have a solubility of least 50mM when their solubility is determined as described In the 
examples at a dissolution of 5Qmg/ml. 



10 The disclosure includes salts of boron ic acids (I) having an observed stoichiometry consistent with 
the salt being of (being representee by) the formula *(boronate~)ii cation n+ ". One class of such 
salts are represented by the formula: 

[Cbz-( R}-Phe<S)-Pm<R)-Mpg-B(OH)(0-)J M+ . 
where M 4 " represents a monovalent cation, especially an alkali metal cation. It will be understood 
15 that the above representation is a notional representation of a product whose observed 
stoichiometry is unlikely to be literally and exacrjy irl. In any event, a particular salt is Cbz-(R.)-Phe- 
(S)-Pro-(R>Mpg-BCOH) 2 monosodium salt (JGN 255). In the above formula, the trigonally- 

represented boronab? represents, as always, boronates which are trigonal tetrahedraf or mixed 
trigonal/tetrahedral. 

20 

Particularly exemplary are products which comprise: 

(i) species selected from (a) acids of formula (VIII): X-(R)-Phe-(S)-[>ro-(k)-Mpg-B(OH)2 where 
X is H or an ammo-protecting group, especially Cbz, (h) boronate anions thereof, and (c) any 
equilibrium form of the aforegoing (e.g, an anhydride); and 

25 

(ii) rorts having a valency n in combination with sand species, the spsci£$ and said ions having 
an observed stoichiometry consistent with a notional species:inn stoichiometry of n:I. In one class 
of salts, n is 1. 



30 Considering the counter-ions in turn; 

1. Monovalent metal, es pecially a|ka li metal salts 

surfcable alkali metals include lithium, sodium and potassium. All of these are remarkably soluble, 
35 Lithium and sodium are illustrative because of their high solubility. The lithium and particularly 
sodium salts are of surprisingly high solubility in relation to potassium amongst others. Sodium is 
most used in many instances. Salts containing mixtures of alkali metals are contemplated by the 
disclosure. 
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The disclosure includes products comprising salts of the formula (VI) 



X- aaiaa^NH-CH-B 



O 



OH 



R1 



M + (VI) 



where M + is an alkali metal ion and aa\ aa 2 , X and R : are as defined above, as weil as sails in wnich 
both hydroxy groups of the boronate group are m salt form (preferably with another identical 

group) and mixtures of such salts. Included also are products wherein R 1 is replaced by another R 9 



group. 



10 



15 



2. 



Divalent, e,a. alkaline earth metaf (Group IT metan salts 



One example of a divalent metal Is calcium. Another suitable divalent metal is magnesium. Also 
contemplated is sine. The divalent metals are usuaily used in a boronic acid;metal ratio of 
substantially 2:1, in order to achieve the preferred monovalent boronate moiety. Salts containing 
mixtures of divalent metals, e,g« mixtures of alkaline earth metals, are also contemplated. 

■ 

Further disclosed are products (compositions of matter) which comprise salts which may be 
represented by the formula (VII): 



X- aa^a^NH-CH-B:" 

] "OH 



M2- 



(VII) 



where M 2+ is a divalent metal cation, e,g. an alkaline earth metal or zinc cation, and aa 1 , aa 2 , X 

20 and are as defined above, as well as s^Its in which both hydroxy groups of the boronate group 
are deprotonat&d end mixtures of such salts. As previously indicated, the boronate may comprise a 
tatrahedral species. 



25 



3, Group in metals 



i 0 



Suitable Group IIE metals include aluminium and gallium. Salts containing mixtures of Group III 
metals are also contemplated. 
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The disclosure includes products comprising salts of the formula (VIII): 



_o 

X-aaW4s|H-CH-B. 

R9 



M 3+ 



(VIII) 



where M 3+ is a Group III metal ion and aa*, aa 2 /X and Rp are as defined above, as well as salts in 
which both hydroxy groups of the boronate group sre in salt form and mixtures of such sate. As 
5 previously indicated,, the boronafce may comprise a tetrahedrai species. 

iz Stnondv b asic organic nftroagn -conteininq compounds 

4 

The disclosure includes products obtainable by (having the characteristics of a product obtained by) 
10 reaction of a peptide boron ic add as defined above and a strong organic base, Two illustrative 
classes of organic base are described in sections 4A and 4B below. Particularly preferred are acid 
salts (in which one of the two boronfc —OH groups is deprotonatsd). Most commonly, the salts 
contain a single type of organic counter-ion (disregarding trace contaminants) but the disclosure 
contemplates salts containing mixture? of organic counter-ions; in one sub-class, the different 
15 counter-ions all fell within the section 4A family described below or, as the case may be, in the 
section 2B family befow; in another subclass, the salts comprise a mixture of organic counter-ions 
which are not an from the same family (4A or 4B)„ 

Suitable organic bases include those with a pKb of 7 or more, e.g. 7.5 or more, for exampFe in the 
20 region of S or more. Bases which are less lipophilic [e.g, have at least one polar functional group 
(e.g. I, 2 or 3 such groups) for e>cample hydroxy] are favoured; thus aminosugars are one favoured 
class of base. 



4A f Guanfcflnes and tftefr analogues 



The guanidino compound (guanicfine) may in principle be any soluble and pharmaceutically 
acceptable compound having a guanidino or a substituted guanidino group, or a substituted or 
unsubstituted guanidine analogue. Suitable substituents include aryl (e.g. phenyl), aikyl or alkyi 
interrupted by an ether or thioether linkage and, in any event, typically contain from 1 to 6 and 
30 especially 1, 2, 3, or 4 carbon atoms, as in the case of methyl or ethyl. The guanidino group may 
have 1, 2, 3 or 4 substituent groups but more usually has 1 or 2 substrtuent groups, for instance on 
„„ a terminal nitrogen. One class of guanidrnes fs morioaikylatecf; another class is dialkylated. As 
guanidine analogues may be mentioned thJoguanidines and 2-amino pyridines. Compounds having 
unsubstituted guanidino groups, for example guanidine and arginine, form one particular class. 
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Salts containing mixtures of guanidines are contemplated by the disclosure, 



10 



15 



A particular guanidino compound is L~arginfne or an L-arginine analogue/ for example D-argrrune, or 
the D- or, preferably, L- isomers of horn oang mine or agmatJne [C4-am/nobutyl) guanidine]. Less 
preferred arginine analogues are NG-nitrcrL-arginine methyl ester, for example, and constrained 
guanidine analogues, particularly 2-amlno pyrimid?nes r for example 2,6-quinazolinediarnines such as 
S/S^^S-t^rahydro^e-quinazofinediamine^ for example. The guanidino compound may also be a 
peptide, for example? a dipeptide, containing arginine; one such dEpeptide is L-t^syl-L-arginine. 

Some particular guanidino compounds are compounds of "formula (VII): 



H 2 N 



Y 

NH 



NH 



(CH 2 ) n 



-I 



NHR 



3 



H 



(VII) 



R 2 



where n is from 1 to 6 and for example at least 2, e.g. 3 or more, and in many instances no more 
than S> Most particularly, n is 3, 4 or 5, R 2 is H or car boxy I ate or derivatised carboxyiate, for 
example to form an ester (e.g. a Q-Gi alley! ester) or amide. R 3 is H, QrC* a'M or a residue of a 
natural or unnatural amino acid (e.g. tyrosine). The compounds of formula (IV) are usually of L- 
conflguration. The compounds of formula (IV) are arginine (n=3; R 2 =cgrfcoxyl; R 3 =H) and arginine 
derivatives or analogues. 



The disclosure includes products comprising salts of the formula (DC) 



20 



25 



T 



o 



OH 



R 1 



G* (iX) 



where aa\ aa^ X and R 1 are as defined previously and G + is the protonated form of a 
pharmaceutics lly acceptable organic compound comprising a guanidino group or an analogue 
thereof, as well as salts in which both hydroxy groups of the boronate group are in salt form 
(preferably with another identical G* group) and mixtures of such salts. Also included are products 

wherein R 1 is replaced by another group, 



Strongly basic amines 
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The disclosure includes products obtainable by (having the characteristics of a product obtained by) 
reaction of a peptide boronrc add as defined above and a strong organic base which is an amine. 
The amine may in principle be any soluble and pharmaceutical^ acceptable amine. 



5 It is envisaged that a desirable class of amine includes those having polar functional groups in 
addition to a single amine group, as such compounds will be mom hydrophllic and thus more soluble 
than others. In certain salts, the or each additional functional group is hydroxy. Some amines have 
1, 2, 3, 4, 5 or 6 additional functional groups, especially hydroxy groups. In one illustrative class of 
amines the ratio of (amino plus hydroxy groups):carbon atoms is from 1:2 to 1:1, the latter ratio 
20 being particularly preferred. These amines with one or more additional polar functional groups may 
be a hydrocarbon, especially an alkane, substituted by the amino group and the additional polar 
group(s). The amino group may be substituted or unsubstituted and, excluding amino substituents, 
the polar base may contain, for example, up to 10 carbon atoms; usually there are no less than 
three such carbon atoms", e.g. 4, 5 or 6. Aminosugars are included in this category of polar bases. 



The disclosure includes products comprising sate of the formula (X) 



O' 

J "OH 
R1 



(X) 



20 



where aa 1 , aa 2 , X and R 1 are as defined previously and A + is the protonated form of a 
pharmacetrdcally acceptable amine, as well as salts in which both hydroxy groups of the boronate 
group are in salt form (preferably with another identical A* group} and mixtures of such salts. In 
one class of such products, A 4 " is the protonated form of an amine described m section 2B(i) below; 
in another class A* is the protonated form of an amine described in 2B(ir) below. Also included are 
products in which R 1 is replaced by another group. . 



25 Two Illustrative classes of amine base are described in sections 4B(i) and 4B(ri) below, Particularly 
preferred are acid salts (in which one of the two boronic -OK groups is deprotonated). Most 
commonly, the salts contain a single type of amine counter-ron (disregarding trace contaminants) 
but the disclosure contemplates salts containing mixtures of amine counter-Ions; in one sub-class, 
the different countsHons all fall wrthin the sub-sectfon 4B<j) family described below or, as the case 

30 may be, in the sub-section 4B(ii) family below; in another subclass, the sate comprise a mixture of 
organic counter-ions which are not all from the same family (4B(i) or4B(ii)). 



4B(i) Aminosugars 
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The identity of the aminosugar is not critical* Preferred aminosugars include ring-opened 
sugars, especially glucamines. Cyclic aminosugars are glso envisaged as useful, One class 
of th$ aminosugars is N-unsubstftuted and another, preferred, class is W-substftuted by one 
or two N-substituente (e.g. one). Suitable substituents am hydracarbyl groups, for example 
5 and without limitation containing from i to 12 carbon atoms; the substituents may comprise 

alkyj or ary/ moieties or both. Exemplary substituents are C lf C 2 , C 3p Q, C s , Q, C 7 and C e 
aikyf groups/ in particular methyl and ethyl, of which methyl is Illustrative. Data indicate 
that aminosugarsr, especially N-methyf-D-giucamme, are of surprisingly high solubility. 

IQ a most preferred aminosugar is N-methyl-D-glucamme; 

OH OH 



15 



20 




OH OH 



4B(fi) Other amines 

Other suable amines fnclude amino acids (whether naturally occurring or not) whose side 
chain is substituted by an amino group, especially lysine. 



Some amines are compounds of formula (XI): 



H a N— (CH a ) n 



(XI) 



R2 

where n, R 2 and R 3 are as defined in relation to formula (IV)- The compounds of formula 
[VI} are usually of L-configuratfon. The compounds of formula (VI) are lysine (n=4; 
R 2 =carbaxyl; R 3 -H) and lysine derivatives or analogues. A most preferred amine is L-tysine. 



Other suitable amines are nitrogen-containing hetenocycles. "At least usually, such 
heterocyclic compounds are aiicyclic; one 'class of the heterocyclic compounds is N- 
substituted and another, preferred,, class is N-unsubstituted. The heterocycles may contain 
6 ring-forming atoms, as in the cases of piperidine, plperazine and morphoiine. One class of 
25 amines includes N-containing heterocycles substituted by polar substituents, especially 

hydroxy, e.g. l r 2 or 3 times. 

' The disclosure therefore includes amines other than aminosugars which have one or more 
(e.g. i r 2, 3, 4, 5 or 6) polar substituents, especially hydroxy, in addition to one amine 
30 group. Such compounds may have a ratio of (amino plus hydroxy groups) :carbon atoms of 

1:2 to l;!, the latter ratio being particularly preferred. 
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The disclosure includes mixed sal*, i. e . salts containing a mixture of boropeptide moiet.es and/or 
counterrons but single sarfcs are preferred. 

5 The safe in solid form may contain a solvent, e.g. water. There are included B class of products in 
which the salts are essentially anhydrous. Also included is a class in which the sails are hydrates. 

Now*f Botanic Acids 

10 The disclosure provides novel boronic acids and derivatives thereof, useful in the treatment, e.g. 
prevention, of thrombosis. The novel acids Include those of the formula (1a): 

Y-CH-B (IA) 
I OH 

R9 



wherein 



substrate binding site of thrombin and which includes a thrombin P2 domain which comprises a 
residue of a p-amihoacid; and 

R9 is a straight chain alfcyl group interrupted by one or more ether linkages (e.g. 1 or 2) and in 
20 which the total number of oxygen and carbon atoms is 3, 4, 5 or 6 re.g. 5) or is -(CH 2 ) m -W 

where m is 2, 3, 4 or 5 (e.g. 4) and W is -o H or haiogen (F, CI, Br or I). R 9 is an alkoxyalky! group 
in one subset of compounds, e,g. alkoxyalkyl containing 4 carbon atoms. 

The Mmino acid has affinity for the S2 subsite of thrombin and may be a jj-amlno acid or a S-imino 
25 acid. 

The p-amlno add may be the (J-amino acid analogue of Gly (i.e. H 2 N^H 2 -CH 2 -COOH) N-substituted 
by a C 3 -C 13 hydrocarbyl group, e.g. a c 3 -C 8 hydrocarbyl group comprising a C 3 -C 6 hydrocarbyl 
ring; the hydrocarbyl group may be saturated, for example exemplary N-substibjents are 
30 cydopropyl, cytfobutyi, cyclopentyl and cydohexyl. As a hydrocarbyl group containing one or more 
unsaturated bonds may be mentioned phenyl and methyl or ethyl substituted by phenyl, e.g. 2 - 
phenylethyl, as well as £,0 -dialkylphenylethyl. 

The disclosure includes a class of compounds in which the 0 -amino acid is a residue of a p-amino 
15 acid having a 4 to 6 numbered carbocydic ring which optionally has one carbon atom replaced by a 
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O sulfur and of which the ring-forming carbon atoms fndude the carbon atoms a- and p- to the 
carboxyl group C^e. the p-amino acid comprises a 4 to 6 membered carbacydic ring which is 1- 
substituted by carboxyl and 2-substftuted by amino and which may at one other position contain an 

S atom). 

5 

Also to be mentioned as the p-amino aad are ft-srnino acids of formula 




CP) 



wherein R 11 is as previously defined. 

10 

In embodiments, the p-amino acid is a residue of an N-substituted Jmino add or N-substituted p, 
amino acid. 

Included in the disclosure ere acids of formula (H) above in which aa 2 is a p-amino add as disclosed 
15 herein. 

The novel acids may be in the form of the add, a salt; a prodrug or a salt of a prodrug, as disclosed 
herein in relation to the formulations. Thav may be an ester, a base addition salt or an acid addfdon 
salt, for example. The ester may be of a diol which has previously been mentioned, e.g. pinacol, 
20 " pinanediol or a sugar. 

The acids and their derivatives may be presented as pharmaceutical formulation, either alone or in 
combination with a pharmaceutics Hy acceptable diluent, exclpient or carrrier. The disclosure is not 
restricted as to the type of formulation, tt may be for oral administration, a,g. as a tablet capsule, 
25 granules or powder. The formulation may be a neeonstitutable formulation as described herein but it 
does not need to be. Tablets or capsules may be enterically coated or not. 

As parenteral formulations may be mentioned intravenous formulations (e.g, isotonic solutions) or 
powders/granules for reconstitution as a liquid intavenous formulation. Parenteral formulations may 
30 comprise finely divided powder, e.g. freeze dried powder, optionally including a suitable exciplent, 
e.g. isotonic agent. 

The compounds may be administered to inhibit thrombin in the treatment of disease, e.g. for an 
indication described in this specification or any other indication for which thrombin inhibition is 
35 beneficial. 
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f~^> Other structural and ftmctfonrf characteristics of embodiments of the new compounds are as 
described hereto in relation to the compounds used in the formulations, methods and uses disclosed 
herein. 

5 The novel compounds provide a choice. It is contemplated that, at least fn embodiments, the 
compounds Will, at fegst in broad terms, maintain or improve potency or specificity, or both as , 
compared with TRI 50c, 

At least in embodiments, the compounds may maintain or enhance bioavailability. Other properties 
10 of novel compounds which may lend them pharmaceutical usefulness may include storage stability 
or ease of formulation, for example. 



Trie synthesis of 2-aminQ-cycJoaIkyicarboxylic adds is described in WO 93/035^0, 



1 5 Synthetic Methods ana Their Product? 

1. Peptida/Peptidornirnetic Synthesis 



The synthesis of borapeptldes, inducting, for ©cample, Cbz-D-Phe-Pro-BorolWpg-OPinaool is familiar 
20 to those skilled in the art and described in the prior ait mentioned above,, including Claeson et al [us 
5574014 and others) and Kakter et ai (WO 92/07869 and family members including US 5648338). 
It is described also by Bgendy et al Adv r Exp. Med, BioL (USA) 340;173-17S, 1993? Claeson,G. ert al 
BiochemJ. 290:309-312, 1993; Deadman et al J, Enzywe Inhibition 9:29-41, 1995, and by Deadman 
eta! 1 Med. Chem. 38:1511-1522, 1995. 

25 

Stereoselective synthesis with S or R configuration at the* chiral B-terminal carbon may ba conducted 
using established methodology (E/gendy et a! Tetrahedron Lett. 33:4209-4212, 1992; WO 92/07869 
and family members including US 5646338) using f» or (— J- pinanedio/ as the chiral director 

(Mattason et al J. Am, Ch&m. Soc. 108:810-819, 1986; Matteson et al Organornetzffics. 3-.12S4-12BS, 
30 1984). Another approach is to resolve the requisite arninoboronate intermediate (e.g. Mpg- 

BOPinacol) to selectively obtain the desired (R>isomer and couple it to the dipeptide moiety (e.g, 

ebz-(R>Phe~(S)-Pro, which is the same as Cbs-D-Phe-L-Pro) which will form the remainder of the 

molecule, 



35 The boropeptides may be synthesised initially in the form of boronic acid esters, particularly esters 
with diols. Such diol esters may be converted to the peptide boranic add as described next. 

2. Ester to Add Conversion 
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A peptrde boronate ester such as Cb2-(R}-Phe-Pro-BoroMpg-OPinacal may be hydrcrfysed to farm the 
corresponding acid. 

A novel technique for converting a dioi ester of a peptide boronic acid of for example, formula (I) 
5 into the acid comprises dissolving the dfol ester in an ether and particularly a dialkyl ether, reacting 
the thus-dissolved diol with a dfolarnine, for example a dialfcanolarnine, to form a product precipitate, 
recovering the precipitate, dissolving it in a polar organic solvent and reacting the thus-dissotved 
product with an aqueous medium/ e*g. an aqueous add, to fbrm the peptide boronic acid. The 
boronfc acid may be recovered from the organic layer of the mbcture resulting from the reaction, for 
10 example by removing the solvent ©-9- by evaporation under vacuum or distillation. TTie reaction 
between the diol ester and the dfolamine may be carried out under reflux, for example. 



The identity of tiie diol is not critical.. As suitable dio/s may be mentioned aliphatic and aromatic 
compounds having hydroxy groups that are substituted on adjacent carbon atoms or on carbon 

15 atoms substituted by another carbon. That is to say, suitable dlols include compounds having at 
least two hydroxy groups separated by at least two connecting carbon atoms in a chain or ring. One 
class of diois comprises hydrocarbons substituted by exactly two hydroxy groups. One such diol is 
pinacol and another is pinanediol; thfere may afso be mentioned neopentylglycol, 1,2-ethanediol, 1,2- 
propanediol, 1,3-propanedioI, 2 r 3-butanediol r 1,2-diisopropyrethanediol, 5 r 6-decanediol and 1,2- 

20 dicydohexyJethanediof. 

The alky? groups of the dfalkyl ether preferably have l, 2, 3 or 4 carbon atoms and the alky! groups 
may be the same or different. An exemplary ether is diethyl ether. 

25 The alkyi groups of the dralkanofamine preferably have l, 2 r 3 or 4 carbon atoms and the alkyf 
groups may be the same or different. An exemplary dralkanolamfne is diethanolamine. The 
drethanoiamine/boronfe acid reaction product hydrofyses in water at room temperature and the rate 
of hydrolysis may be accelerated by adding acid or base. 

30 The pofar organic solvent Is preferably CHCfe. Other examples are polyhalogenated alkanes 
generally and ethyl acetate, In principle, any polar organic solvent is acceptable other than alcohols. 

The aqueous acid fe suitably a strong morganic acid at a pH in the region of 1 such as hydrochloric 
acid, for example. 

35 

After reaction with the acid, the reaction mixture is suitably washed with, for example, NH 4 CI or 
another mild base. 

An example of s specific procedure is as follows 
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L The pinacol or pinanedtol ester of the selected peptide boronic acid i 5 dissolved in diethytether. 

2. Drethanolamine is added and the mixture is refluxed at 40 °C. 

3. The precipitated prpduct is removed (filtered), washed (usually several times) with diethyl ether 
or another polar organic solvent other than an alcohol, and dried (e.g. by evaporation under 

5 vacuum). 

4. The dry product is dissolved in a polar organic solvent other than an alcohol, e.g. CHC/ 3 . Aqueous 
acid or base is added, e.g. hydrochloric acid ( P H I), and the rofcture is stirred for e,g. approximately 
In at room temperature. 

5. The organic layer is removed and washed with NH^CI solution. 
10 6. The organic solvent is distilled off and the residual solid product is dried. 

The above process results in the formation of what may conveniently be referred to as a "diolamine 
adduce" of the peptide bononie add, especially such adduets with diethanolamine, and such adducts 
are themselves included in the disclosure. 

15 

It will be appreciated that the aforegoing technique comprises an example of a method for 
recovering an organoboronic acid product, the method comprising providing in a solvent a dissolved 
mixture comprising the organoboronic add In a soluble form and a compound having two hydroxy 
groups and an amino group (i.e. a diolamine), causing or allowing the organoboronic acid and the 
20 diolamine to react to form a precipitate, and recovering the precipitate. The soluble form of the 
organoboronic acid may be a diol ester, as discussed above. The sorvent may be an ether, as 
discussed above. The organoboronic acid may be one of the organoboronic acids referred to in this 
specification, for example it may be of Formula (I) or (III). The method described in this paragraph 
is novel and forms an aspect of the disclosure. A recovery method Is filtration. 

25 

The reaction between the diolamine and the. soluble form of the organoboronic acid is suitable 
carried out at an elevated temperature, for example under reflux. 

Another aspect of the disclosure is a method for recovering an organoboron species, comprising 

providing, in a form soluble in an ether, an organoboronic acid, for example a drug such as, 
e.g. , a compound of formula (III); 

forming a solution of the soluble farm in the ether; 

combining the solution with a dialkanolamlne and allowing or causing the dialkanolamlne to 
react with the soluble form of the organoboronic acid to form an insoluble precipitate; and 
35 recovering the precipitate. 

The term "soluble" in the preceding paragraph refers to species which are substantially more soluble 
in the reaction medium than is the precipitated product. In variants of the method, the ether is 
replaced by toluene or another aromatic solvent. 



30 



■ 
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The dfefchanolamine precipitation technique described above is an example of another navel method, 
which is s method for recovering from ether solution a pinacof or pmanedio! ester of a peptide 
boronfc add, comprising dissolving diethanolamine in the solution, allowing or causing a precipitate 
to form and recovering the precipitate. The disclosure encompasses variants of this methods in 
which another diol than pinaool orpinanediol is used, 



The predpftated material, La. the *addu<f r / may be converted into th$ free organoboron ic acid, for 
example by contacting it with an acid. The acid may be an aqueous acid, for erample an aqueous 
10 inorganic acid, e.g. as described above. The precipitate may be dissolved, for example in an organic 
solvent prior to being contacted with the acid. 

The disclosure therefore provides a method for making an organoboronic add, comprising 
converting its diamine reaction product to the acid, 

15 

The acid resulting from the methods described In the previous two paragraphs may be converted to 
a salt of the acid with a multivalent metal, which safe may In turn be formulated into a 
pharmaceutical composition in parenteral dosage form. 



20 3> Salt Synthesis 

In general, the salts may be prepared by contacting the relevant peptide boronic acid with a strong 
base appropriate to form the desired salt. In the case of metal seiSs, the metal hydroxides are 
suitable bases (alternatively, mefcaj carbonates might be used, for example), whilst sometimes ft is 

25 more convenient to contact the acid with a relevant metal alkoxide (e.g. methoxide], for which 
purpose the corresponding alkanol is a suitable solvent Salts with organic bases may be prepared 
by contacting the peptide boronfc actd with the organic base itself. Illustrative salts are acid salts 
(one -SOH proton replaced) and, to make acid salts with a monovalent cation, the acid and the base 
are suitably reacted in substantially equimoter quantities. Generally stated, therefore, the usual 

30 acid:base molar ratio is substantially' ml, where n is the valency of the cation of the base. 

In one procedure, a solution of the peptide boronic acid in a water-rniscible organic solvent, for 
example acetonrtrile or an a/cohol (e.g. athanol, methanol a propanol, for example iso-propanol, or 
another alkanol), is combined with an aqueous solution of the base. The acid and the base are 
35 allowed to react and the salt is recovered. The reaction is typically carried out at ambient 
temperature (e,g. at a temperature of from 15 to 30 °Qr e.g. 15 to 25°C), but an elevated 
temperature may be used, for example up to the' boiling point of the reaction mixture but more 
usually lower, e.fir, a temperature of up to TO°C or 50*C The reaction mixture may be allowed to 
stand or be agitated (usually stirred), 



Q09M 'WimMa&ffA : 06 : 30 



I—**- -M^ 



9. MAR. 2004 19:08 HARRISON GODDARD FOO ™ r ' JI 

A \J-r\ I i f VJDi. 

r 

The time during which the acid and the base are allowed to react Is not critical but it has been found 
desirable to maintain the reaction mixture for at least one hour. A period of from one to two hours 
is usually surtable but longer reaction times may be employed, 

5 

The salt may be recovered from the reaction mixture by any suitable method, for ©cample 
evaporation or precipitation. Precipftation may be carried out by adding an excess of a miscible 
solvent in which the salt has limited solubility. In one preferred technique, the salt te recovered by 
evacuating the reaction mixture to dryness. The saft is preferably thereafter purified, for example by 

10 nedissofving the salt before filtering the resulting solution gnd drying it, for example by evacuating ft 
to dryness. The redrssolub'on may be performed using water, e,g. distilled water. The salt may then 
be further purified, -for example in order to remove residua! water by further redfssolutfon in a 
suitable solvent, which is advantageously ethyl acetate or THF followed by evaporating to dryness. 
The purification procedure may be carried out at ambient temperature (say, 15 to 30°C, e.g. 15 t» 

15 25*0), or at a modestly elevated temperature, such a$ e.g. a temperature not exceeding 40*0 or 
50°C; fbr example the saft may be dissolved in water and/or solvent by agitating with or without 
warming to, for example, 37 D C. 

Also included is a method for drying the salts oF the disclosure and other peptide boron ic acid salts, 
20 comprising dissolving them in an organic solvent, e.g. ethyl acetate or THF, and then evaporating to 
dryness, e.g. by evacuation. 

Generally, preferred solvents fbr use in purifying the salts are ethyl acetate or THF, or perhaps 
another organic solvent. 

25 

A general procedure fbr synthesizing salts of Cbz-Phe-Pro-BoroMp^-OH is as follows! 



Cte-Phe-Pro-BorpMpg-OH (2Q.0Qg, 3S.lmM) is dissolved in acetomhiie (200ml) with stirring at room 
temperature. To this solution is added the requisite base in solution in distilled water (190ml); the 

30 base is added as a 0.2M solution for a monovalent cation. The resultant dear solution is allowed to 
react for example by being left to stand or being agitated, for a usual period, in either case, of from 
one to two hours* The reaction is typically carried out at ambient temperature (e.g. 15-30 P C, e.g. 15 
to 25°C) but alternatively the temperature may be elevated (e.g. up to 30°C, 40°C or 50°C). The 
reaction mixture is then evacuated to dryness under vacuum with its temperature not exceeding 

35 37°C, -typicalty to yield a white brittle solid or an oil/tacky liquid. The oil/tacky liquid is redissofved in 
the minimum amount of distilled water necessary (20omJ to typically with warming (e.g. to 30- 
40°C), usually for up to 2 hours. The solution is filtered, suctably through filter papar, and evacuated 
to dryness, again with the temperature of the solution not exceeding 37°Q or freeze dried. The 
resultant product is dried under vacuum overnight to normally yield a white brittle solid. If the 
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product is present as an oil or tacky solid then Ft is dissolved in ethyl acetate and evacuated to 
dryness to produce the product as a white solid. The white solid is typically a coarse, amorphous 
powder. 

> 

In variations of the aforegoing general procedure, the acetonitrfe is replaced by another water- 
misdble organic solvent/ notably an alcohol; as discussed above,, especially ethane!, methanol, iso- 
propanol or another propanof. r 

Where a borpnic acid salt Is l$ss soluble fn a selected reaction medium for salt -formation such that 
its direct preparation from the corresponding acid and base is Inconvenient, the less soluble salt may 
be prepared from a salt more soluble in the reaction medium. 

There is provided also the use of a boron lc acid to make a salt of the disclosure. Included also is a 
method of preparing a product of the disclosure, comprising contacting a borontc acid, e.g. of 
•formula (I), (II) or (III), with a base capable of making such a salt, 

4. Separation of Stereoisomers 

The stereoisomers of a peptide bor&nic ester or a synthetic intermediate aminoboronate may be 
resolved in, for example, any known way. In particular, stereoisomers of boron Ic esters may be 
resolved by HPLC. 

5. "Hioh Purity" Synthesis 

Existing publications teach that organoboronrc acids are degraded by oxidation of the OB bond. See 
for example Wu et al (see above). Earlier work on the sate of TRI 50c confirmed that these salts 
and/or intermediates m their preparation are slightly unstable, to the extent that the salts were 
found to contain a boron-free impurity, designated impurity I f which was evidently generated by C-B 
bond cleavage. The salts as a class are significantly more stable to such degradation than the free 
acid. 

These earlier TRI 50c salts were made via the general methods described in Examples 5 and 9 of 
this specification. Impurity I has the following structure; 
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Relative chfral purily of salts made following the general procedure of Examples 5 and 9 was 
5 achieved by resolving by HPLC the pihacoT ester of TRI 50c, designated TRI Sab, and converting the 
thus-resolved TRI 50b into the salts. Such an HPLC procedure is not acceptable for normat 
eammerciaJ drug production. 

It has further been found that the prior art synthesis summarised earlier under the heading 
10 "Aminoboronate Procedure- results, when applied to the synthesis of TRI 50c or an ester thereof, in 
formation of an impurity designated Impurity IV: 




Attempts to separate Impurity IV from TRI 50c have not succeeded. The same applies to TRI 50c 
salts and esters and the corresponding salts and esters of Impurity IV. No purification technique 
which has been tried can prevent the presence of Impurity IV if said prior art synthesis is uge d. 

Amongst other things, the synthetic methods described in thfs section of the specification addresses 
the problems of controlling OB bond cleavage in organobomnig compounds as well as providing 
chirauy purified salts of TRI 50c and other organoboronic acids on a commercial scale. In this 
regard, it has been found that OB bonds seem to be deaved by a non-oxidative mechanism which 
occurs in the presence of many solvents, including water and e.g. aqueous acids and bases, 
amongst others. 

Chirally-selective precipitation may be used to recover organoboronic acids in high purity. 
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Thus C-B bond cleavage (and hence in particular generation of Impurity I) may be continued by; 

• Selection of acstoniCrfia as a solvent, where a solvent is rained fn processing and acetonitrile 
has the necessary solvation power; in particular acetonitrile is selected In process where a polar 

5 sblvent Is desirable or necessary. 

* Avoiding excessive contact with water. 

In terms of TRI 50c saft production, therefore, the disclosure includes processes comprising one, two 
or three of the following features: 

10 CO resolution of the (R f S,S) and CR,S,R) epfmers of TRI 50c by chlrally selective precipitation 

using dfethanolamine and conveniently, but not necessarily, using as starting material TBI 
50c in the form of an ester, for example the pinacol ester; 

(i?) control of the duratfon and/or conditions of hydrolysis of TRI 50c diethanolamine ester, 
15 for example as obtained by such precipitation, to contra/ C-B bond breakage; 

(iii) use of acetonitrile as solvent for TRI 50c r for example as obtained by such hydrolysis, 
for the purposes of reacting the TRI 50c with a base to form the salt. Another favourable 
solvent can be tetrahydrofuran. 

20 

As an optional, or even stand-alone, fourth feature, TRI 50c salts may be dried by azeodryfng using 
acetonftrile. 

It is considered that C-B bond cleavage may occur by a nudeophilic mechanism, and the disclosure 
25 therefore includes methods in which opportunities for nudeophilic attack are minimised 

The above four features, or any on a, two or three of them, may be applied to the manufacture and 
processing of other boron ic compounds, particularly acids of formula (I) and their derivatives (e.g. 
esters and safts), 

30 

The disclosure provides in one aspect, therefore, the use of diethanolamfne to resolve by selective 
precipitation the diastereomens of boronic adds of formula (I). The starting material may be an acid 
(I) or a derivative thereof capable of forming a diethanolamine ester of the boronic acid. The 
precipitation select? acids having a chiral centre C* of (R) configuration as precipitate. The 
35 precipitate may be recovered and converted to the corresponding boronic acid or a salt thereof. The 
salt may be made into a phanmaoeub'cal formulation. 
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For optimised chiral purity and yield/ the diethanoiamine may be used In an amount of about 1.25 ± 
0.1 equivalents based on initial equivalents of toronfc add having a chiral centre C* of (R) 
configuration* 

5 The initial boron ic acid or add derivative may for example comprise from 50% to 60% molecules 
having chiral centre C* of (R)-eonfig«ratfon and from 40% to 50% molecules having chiral oantre C* 
of ^-Configuration- 

The method opens the way to commercialisation of the boronic acids (I) and their derivatives, 
10 particularly salts, as pharmaceuticals. Commercial scale products and activities using the boranic 
acids (1) and their derivatives are therefore ptwided. 



In one embodiment there is provided a process for separating diastereomers of a boronic add of 

• formula (I), comprising: 
15 combining in diethylether solution (A) a boronic species defected from the boronic acid (I) 

and its esters, the boronic species including molecules having a chiral centre O* of (R) configuration 
and molecules having a chiral centre C* of (S) configuration, and (B) diethanclamine/ the 
diethanoiamine being in an amount of about 1.25 i0.1 equivalents based on the boronic species in 
which the chiral centre O* is of (R) configuration, and mixing to form a mature; 
20 causing or allowing the boronic species and the diethanoiamine to react until a precipitate 

forms; and 

recovering the precipitate. 

When the starting material is an ester, ft may be an ester of the boronic acid with an alcohof 
25 selected from the group Consisting of alcohols whose sole potential electron donor heteroatams are 
ojxygens which, in the boronic ester, correspond to the oxygens of the ester functional group. 

In some methods, the diethanoiamine is in an amount of from 1,2 to 1.3 equivalents based on the 
boronic species in which chiral centre C* is of (R) configuration. 

30 

There are included processes in which the boronate species is an ester of the boronic acid and a 
dio(, in particular a diol which Is not sterrcally hindered. As exemplary diols may be mentioned 
pinaco], neopentyfgJycoI, 1,2-ethaned/ol,. 1,2-propanediol, 1,3-propanediot, 2,3-butanedioi, 1,2- 
dnsopropylethanediof, or 5,6-decanedioi,, A particufar diol is pinaool, 

35 

The boronic species and the diethanoiamine may be caused to react by heating the mixture to an 
elevated temperature, for example the mixture may be refluxed. e.g. far at least 10 hours. 
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' The precipitate may be recovered by fiitratfon. The recovered precipitate may be washed with 
diethylether. The recovered predpitate, after washing ff such takes places, may be dissolved in a 
solvent selected from CH2&2 and c &®3 and reprscipftated by combining the resulting solution with 
diethylether* A particular solvent is CH^z- 

5 

The recovered precipitate may be converted to the acid of formula (I) r suftably by hydrolysis, for 
example by dissolving the precipitate in an organic solvent selected from e.g. hafohydrocarbons and 
combinations thereof, agisting the resulting solution with an aqueous liquid, e.g. an aqueous acid 

having a pH of below 3, whereby the dissofved precipitate is converted to the formula (I) acid, and 
10 recovering the formula (I) add by evaporation- The organic solvent may be Ctf2 a Z or CHCI3. A 

particular solvent is CH2CI2- In some processes, organic solvent is further evaporated from the 

recovered formula (T) acid. 

The disclosure includes methods in which an ester of a boronic acid (I), particularly a diethanolamine 
15 ester, fe hydnolysed in a manner which controls OB bond cleavage, In particular, this mvoEves 
limiting the period of hydrolysis at the selected temperature. In the case of diethanolamine ester 
hydrolysis, the hydrolysis is suitably carried out at room temperature, or less, for a period not 
exceeding about 30 minutes, e»g, not exceeding about 20 minutes, and optimally of about 20 
minutes, 

20 

Thus the recovered precipitate referred to in the last paragraph but one may be hydroiysed using an 
aqueous acid, particularly 2% hydrochloric add or another mineral add of similar pH r for no more 
than about 30 minutes at about room temperature, or less. Suitably, the precipitate is dissolved in a 
non-nudeophilfc organic solvent (e.g. a halohydrocarbon or halohydrocarbon mixture for example 
25 and the resulting solution is contacted with the aqueous acid for a period as previously 

described. The precipitate is thereby hydroiysed to form the free acid of formula (I), which remains 
in the organic solvent. The organic solvent may be separated from the aqueous medium and then 
evaporated to obtain solid add of form Ufa L 

30 There are included processes in which a formula (I) acid, for example obtained as described In the 
preceding paragraph, is dried. In a class of processes, the formula (I) acid is dried when it is in the 
organic solvent by contacting the solvent with a hygroscopic solid. 

Included are processes in which the formula (I) acid, when in the organic solvent, is washed with an 
35 aqueous ammonium salt. 

t 

i 

1 

ChiralJy purified boronic acid may be converted to a pharmaceutical^ acceptable base addition salt 
thereof, ih particular by dissolving the add in acetonitrils, combining the resultant solution with an 
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f - aqueous solution or suspension of a pharmaceutical acceptable base, and causing or allowing the 
base and the acid to react, then evaporating to dryness to obtain an evaporation residue. The step 
of caus/ng or allowing the acid and the base to react may comprise agitating the combination of the 
acetonrtnle solution of the acid and the aqueous solution or suspension of the base at a temperature 
5 of not more than 35°C and often of not more than 30*C, e.g, not more than 25°C; an optimal 
temperature is room temperature, in which case a reaction time of about 2 hours might be 
appropriate. The process may further comprise: 



In some processes the dry evaporation residue is dissolved in acetonitrile or tetrahydrofuran to form 
a solution, and the solution is combined with (e.g. slowly added bo, at a rate sufficiently slow to 
avoid lump formation) a 3;l to U3 v/v mixture of diethy?ether and an aliphatic or cycioaliphatic 
15 solvent to form a precipitate/ said solution being added to the digttiyiether/(cydo)aliphatic solvent 
mixture in a ratio (Sofutian: mixture) of from 1:5 to 1:15 v/v. The precipitate is recovered and some 
or substantially ail remaining solvent fs removed from the recovered precipitate whilst maintaining 
the temperature at no more than 35 Q C, e.g. is removed under reduced pressure. Included are 



processes in which the temperature at the start of the drying process is about I0°C and is increased 
20 during the process to 35°C. The aliphatic or cycioaliphatic solvent may have 6, 7 or 8 carbon atoms; 
the sob/ant may be an alkane, for example an n-alkane, e.cj, n-heptane. Some reactions may be 
carried out at ambient temperature/ which may e.g. be 15-30 D C r e.g, 2Q-30°C; sometimes ambient 
temperature may be room temperature. 

25 The safts produced by the invention may contain a trace amount of the aliphatic or cycioaliphatic 
solvent, e.g. an amount of less than 0.1%, particularly less than Q.QI%, for example an amount of 
about 0.005%. 

In the process far making the salt,, the base may comprise a cation of valency n and be used in a 
30 st»ichfometry (botwrie acidibase) of about n:l, rn particular processes,, the base \$ an alkali metal 
or alkaline earth metal base, for example an aikali metal hydroxide or an alkaline earth meter 
hydroxide. As one base may be mentioned sodium hydroxide. As another base may be mentioned 
calcium hydroxide. The disclosure includes processes in which the base is sodium hydroxide and the 
dry evaporation residue is dissolved in acetonitrile. The disclosure Includes processes in which the 
35 base is calcium hydroxide and the dry evaporation residue is dissolved in tetrahydrofuran. 



The disclosure is not limited as to the method by which the boronic acids of Formula (I) are obtained 
(for example as an ester thereof). However, in one class of subject matter, the Formula (I) acid has 



10 



(J) redissolving the evaporation residue in acetonitrile and evaporating the resulting 
solution to dryness; and 

(if) repeating step (0 as often as necessary to obtafn a dry evaporation residue. 



9. MAR. 2004 19:1.0 HARRISON SODDARD FOO Na 586 P ' 5 

54 

f^' an R 1 group of the formula <CH2) s -°-* 3 *n which R 3 is methyl or e*hyl and s is independently 2 / 3 
or 4, and the Formula (I) acid is prepared via an Intermediate of Forrriula 0OCVQ: 

which intermediate is . made by reaction between a borate ester and a suitable 1- 
5 metalloalkoxyalkane. 

A novel aspect of the disclosure comprises the Formula (XXV) intermediates. 

The Formula (XXV) intermediates may be made by reacting a 1-metailoalkoxyaikane, where the 
10 alkoxyalkane is of the formula -(CH 2 ) s -0-R 3 , wfth a ^rate ester to form a compound of Formula 
(XXV). 

It will be appreciated that the above method provides a general procedure for making 
alkoxyalkylboronto acids, which may be presented by the formula r£-o-rY-b(OH) 2 . such 
15 alkoxyalkylboronic adds may be converted to aminoboronates, and the aminoboronates may be 
derivatised at their amino group to form an amide bond linked to another moiety. In other words, 
the aminoboronates may be converted to boropeptides. The method will now be described further 
with non-limiting reference to compounds of Formula (XXV). 

r - 

20 The starting materials for the reaction may be a metalloalkoxyalkane, e.g. a Grignard reagent, 
obtainable from l-haloalkoxyalkane of the formula Hal-(CH2) s -0-R 3 (where Hal is a halogen) and a 
borate ester. The metal is in particular magnesium. Another metal is lithium, in which case the 
metailo reagent may be prepared by reacting the l-haloalkoxyalkane with butyl lithium. Where the 
method includes preparation of the metailo reagent from the haloalkoxyalkane, the haloalkoxyalkane 

25 may be a chloroalkoxyalkane; the corresponding bromo compounds may also be used. To make a 
Grignard reagent, magnesium may be reacted with the haloalkoxyalkane. 

Suitable borate esters are esters of mono- and dl-functional alcohols (e.g. of BOH, MeOH, BuOH, 
prnacol, glycol, pinanediol etc). For example, the ester may be of the formula B(OR a )(OR b )(OR c ) 
30 where R a , R b and R c and C4-C4 alkyl and may be the same as each other. 

An exemplary procedure for making a Formula (XXV) intermediate, illustrated with reference to 
methoxypropane as the alkoxyalkane species, is: 
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Z-DIPIN A 



The reactions are suitably carried out in an organic solvent, e,g, THF, 

The above-described propedure fbr making alkoxyalkylboronic acids avoids generation of Impurity IV 
5 (see above), or rts analogues in those cases where the and product fs not TRT 50c or a derivative 
(salt, ester etc) thereof. The procedure thenefbre provides a Unique route to making TRI 50c, its 
Asters and salts, uncontamingted by Impurity IV, and for making other arntnoboronic acid? which are 
substituted cc- to the boron by an alkoxyalkyl group and ana uncontarninated by impurities analogous 
to Impurity IV. 



An aikoxyalkylboronic acid, he. a compound which may be represented by the formula R^-ORy.- 
B(OH^ rnay be converted to an aminobaronic compound, for sample a boropeptide, by any 

suitable procedure, e.g. one known in the art. A reaction scheme for making aikoxyaikylboronfc 
acids into aminoboronates, and for converting aminoboronates into peptide boronabes Is illustrated 

15 with reference to synthesis of TRI 50c at the start of the Examples of this specification. The reaction 
scheme may be modified as desired, e„g.r diethanofamine precipitation and subsequent steps may 
be omitted, and/or reagent substitutions may be made. For example/ pinacol may be replaced by 
another dfof. IDA is a non-nucleophllic strong base and may be- replaced by another such base. 
Other temples include, but are not limited to, lithium diisopropytamide, lithium 2,2,6,6- 

20 tetramethylpiperidine, 1-lithium ^-methylpiperazide, 1,4-dflrthiurn prperazfde, lithium 
bis(trimethytsjiyJ) amide, sodium bis(trimethylsifyl)amide, potassium bis(tnmethylsriyl)amide, 
isopropyl magnesium ch[oride r phenyl magnesium chloride, lithium diethylamide, and potassium tert- 
bufcoxide. The reactions may be carried out In any suitable solvent; where n-heptane is used in the 
Examples, it may be replaced by another inert non-polar solvent, e.g. another aliphatic or 

25 cycloaiiphatic solvent, for example an alkane, e.g. an n^alkane. 

It will be appreciated from the aforegoing that the above described methods may be used in the 
manufacture of onganoboronic acids sate as described. It is not necessary for sequential steps to be 
carried out as one operation or at the same site; they may be performed in this way or different 
30 processes (different parts of the ovsnall synthesis) may be distributed in time and/or space. 
Particular end product salts are monosodium, monolrthium, hemicalcium and hemirnagnesium salts, 
fbr example of TRI 50c. 



10 
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Generally, the reactions may suitably be carried out with a non-nucleophflic solvent. Where a 
nuctaophllfc solvent fs present minimum contact is preferred, for example in the case of hydrolysis 
of drethanolamine esters. 

5 B. High Purflv Products 

The ^hfgh purity products" of the disclosure include Inter sh'a boronic adds, diethanolamine esters 
and salts obtainable by (having the characteristics of a product obtained by) the disclosed methods. 
Also included are products obtained directly or indirectly by the disclosed methods, Such products 
10 may be formulated for oral administration, and such oraf formulations are included in the disclosure, 




Particular products of the invention are base addition salts of a boronlc add of formula (I) having the 
chiral purity of such salt when prepared by a method described herein. Other products are base 
addition salts of a boronic add of formula (I) having the purity of such salt when prepared by a 
15 method described herein. 

Product identities will be apparent from the preceding description and the following examples. In 
addftion, products of the disclosure are described in the claims. Of particular note are the data in 
Example 38, indicating that the processes of the invention can remarkably achieve end product sate 

20 free of impurities detectable by HPLG In other instances, toe salts are substantially free of 
impurities, e.g. at least 98% pure, more usually at least 99% pure, e.g, at least 99.5% pure, in 
terms of reverse phase (RP) HPLC percentage peak: area. Salts may at least 99,3%, 99.4%, 99.5% 
99.6%, 99.7%, 99,8% or 99,9% pure, in terms of reverse phase (RP) HPLC percentage peak area. 
Suitable RP HPLC procedures comply with reference 1 and/or reference 2 and/or reference 3 of 

25 Example 38. Included also are products at least substantially free of Impurity I and analogues, 
products free of Impurity IV and analogues, and products containing small traces of non-polar 
soFvent, e,g. n-heptane. The trace amount of non-polar solvent may be less than 0.2%, 0.1%, 
0,05%, 0.01% or 0.005% as determined by GC-headspace chromatography. 



30 Included also are salts containing less than 410 ppm acetonitriie, 

Some salts contain impurities of less than 10,000 ppm, 5000 ppm, 1000 ppm, or 500 ppm. 
TTte Fomtufetions 

35 

Included in the formulations of the disclosure are solid phase products adapted far the active 
ingredient (the base addition salt of the boronic acid) to be administered orally and be put into 
solution or suspension before the active principle (the boronic acid and/or its corresponding 



00,97133 09"Mar-Q4Y;06^Q : 



9. MAR. 2004 19:1 1 



HARRISON GODDARD F00 NO. 586 P._ 61 



57 



C " boronate species) enters the stomach. The active ingredient may be put into solution or suspension 

prior to administration or, alternatively,, in the mouth* 

A first class of formulation, therefore, comprises particu/ate formulations, Le. powders and granules, 
5 for oral administration after reconstitutfon into a liquid preparation, and preferably into a drinkable 
preparatory It is generally preferred for the liquid preparation to be a solution rather than a 
suspension and certain particulate formulations are for dissolving to form a drinking solution- The 
formulation may be for reconstjtution into a suspension or more normally a solution having a volume 
of fnorn about 50ml to about 150ml. The disclosure also contemplates reconstituted volumes of less 
10 than about 50ml or of more than about 150ml/ e.g. of up to about 250ml and more often of up to 
about 200ml. If a small volume of reconstituted solution is required, this can be achieved at least in 
preferred embodiments, e.g. in the case of the monosodiurn saft of TRI 50c an amount of salt 
equivalent to 600mg TW 50c may be readily dissolved in 10m! water to form a pH 9.88 solution. 

15 The disclosure includes particulate formulations adapted for reconstitution with water to form a 
solution or suspension of the boronic acid saft (or free boronic acid, prodrug or prodrug salt), the 
solution containing a therapeutically effective amount of the boronic acid salt and having a volume 
of from about 50ml to about 150mL Such formulations may contain a pharmaceutjcaily acceptable 
organic acid in an amount sufficient to reduce the pH of the solution, e.g* to a value below 9-5 in the 

20 case of saits. 



It has been found possible to form surprisingly concentrated boronate salt solutions (of up to about 
600mg/m! In the case of TRI 50c monosodiurn salt) at a pH of about 9.5. However, a solution with a 
pH of 9,5 will often be undesirably distastefuJ to drink. Accordingly, a pharmaceutical acceptable 
25 organic acid may be induded in the particulate formulation in an amount selected to reduce tine pH 

to a value at which the solution is more palatable but at which a solution of drinkable quantity (e.g. 

sbout 50mJ to about 150ml) may be formed by reconstituting the particulate formulation* As the 

organic acid may be mentioned citric acid, tartaric acfd or malic acid, for example* In many 

instances/ citric acid is chosen. 

30 

Experiments have been performed to test tft£ solubility of TRI 50c monosodium salt at different pH 
values. All the experiments were conducted using a quantfty of the salt equivalent to 6QQrng TRI 
50c free acid. In a first series of experiments, this amount of the salt was dissolved in 50ml water to 
form a solution of approximately pH 9.5. Dilute aqueous HCl was added to determine how much the 
35 pH could be reduced before precipitation occurred. It was found that the saft tended to precipitate 
when the pH of the reconstituted solution was reduced below 9 and the pH of a reconstituted liquid 
having this concentration of salt may therefore be maintained at 9 or more, e.g. 9.2 or more, to 
keep the saft in solution. 
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f^- In a second series of experiments, the same amount of the salt was dissolved in 150ml water, and 
cftrfc add was added, It was found that the pH could be reduced to a value of 3.7-3.8 using citric 
acid before precipitation occurred, in other words if, in the case of a salt dosage equivalent to 
600mg TRI 50c, the patient instructions are to prepare a solution in at least I50mi water, a quantity 
5 of organic acid (e.g. citric acid) can be included in the formulation which will reduce the pH to a 
value of, say, not lass than 4, without a risk of precipitation. Since acid solutions tend to be more 
palatable than alkaline ones, and citric acid is a common flavouring agent, this behaviour of the sait 
is highly beneficial. In practical terms, up to 20Qmg citric acid may be combined with TRI 50c 
monosodium salt <600mg, calculated as TRI 50c) -for a preparation to be reconstituted in 150ml 
10 water or more. In general, it is oontemplated that the boronate will be formulated to form a 
reconstituted solution having a pH of from 4 to 8, e.g. 4 to 7, optionally 5 to 6. 

Of course, the absolute amount of citric or other add would be varied with CO the absolute amount 
of the salt and <ii) the desired reconstituted volume, in line with the guidance from the above results 
1 5 and such routine experimentation as might be necessary. 

TRI 50c sodium salt is a representative of other salts disclosed herein, particularly other alkali metal 
salts but also otfier soluble salts or derivatives, such as aminosugar sate or sugar esters. 
Accordingly, these results indicate that embodiments of the disclosed boronic acid compounds may 
20 be formulated with organic acids to make formulations which, optionally whan containing additional 
flavours, will be acceptable as regards flavour. 

It is envisaged that therapeutically effective doses of the boronic acid compound (e.g. salt) for a 
human adult will include dosages of from about 0.2 mole boronate to about 1.5 moles boronate. 
25 The dosage may be at least about 0.35 moles. The dosage is usually not more than about 1.5 
moles boronate, more usually about 1.35 moles or less, e.g. not more than about 1.25 moles; in 
some instances it is at most about 1 mole. In one instance, the therapeutically effective dose is 
from about 0.4 mole to about 0.85 mole boronate. 

30 The formulations may be presented in monodose units, i.e. units containing exactly a single dose of 
active compound for reoonstituttom Thus, in some embodiments, there are provided monodose 
units containing TRI 50c (or, e.g., its salts) in an amount of from about lOOmg to about 750mg, e.g. 
about lOOmg to about 700 mg and more usually of from about 200mg to about 600mg, e.g. about 
200mg to about 500mg, calculated as TRI 50c. A particular class of unit dosage forms contains from 
35 about 200mg to about 450mg TRI 50c or TRI 50c salt, calculated as TRI 50c, e.g. about 30Dmg; the 
salt is suitably a mono alkali metal, e.g. sodium, salt. In place of the salt, another soluble form of 
TRI 50c may be used, e.g. a sugar derivative. 

The aforesaid weights of TRI 50c salts translate into moles as follows: 



• 
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Weight (caic. asTRI 50c) 


Moles TRI BOc 


100 mq 


0.19 


. 200 mp 


0.38 


450 rng 


0.86 


500 mq; 


0,95 


600 mg 


1.14 


700 mq 


1.33 


750 mg 


1.43 



The granules or powder will typically contain an anti-microbial preservative and a flavouring, both 
normally being distributed throughout the formulation. Less frequently, the granules or powder wiir 
5 contain just one of these two components. Additional fy, or less frequently alternatively, they may 
contain one or more other excfpients as described above under the heading "Oral Dosage Forms",. 
In some embodiments, a powder or granular formulation may include an effervescent system, e.g. 
as previously described ?n relation to effervescent tablets. 



10 The granules or powder wiii be filled into a container alter their manufacture. Usually, the container 
is suitable for dispensing the contents into a drinking vessel containing water (which may be 
flavoured or unfavoured, or replaced by fruit juioe or another beverage product). The container will 
in most instances contain a unfr of the formulation for dispensing. It may be a monodose container 
or, for flexibility, the formulation may be presented as a divided dose, in which case the container 

1 5 wifl indude a fraction of envisaged doses and a desired number of containers is selected to make up 
a single dose for any individual patient 

Suitably, the unit container form is a sachet or a plastics container, e.g. having a mouided plastics 
body. As an alternative to single-unit containers f thene may be mentioned metered dose containers 
20 having a reservoir of the formulation and a metering device to enable an appropriate dosage of the 
formulation to be dispensed. 

The disclosure includes oral formulations of the described bononic acid salts in the form of 
effervescent tablets for combining with a liquid to form an orally administrate solution or 

25 suspension of the boronate salt. Some suftable effervescfng systems are described above under the 
heading *Orai Dosage Forms' 7 . In some embodiments, the tablet \s in monodose form; in others a 
single dosage will be obtained by combining a suitable number of tablets and usually combining all 
tfi<? tablets with a drinkable preparation, e.g. with an amount of from about 50ml to about 150ml 
water, or wrth such an amount of another beverage product. Suitable doses of boronfc acid salt are 

30 as previously described in relation to powders and granules. 

Where it is d&stred to include an acid in the effervescent tablet for the purpose of reducing the pH of 
the liquid to make it more pleasant to drink, this may be done by incorporating an excess of the 
Organic acid used in the effervescent system, i.*?, a single acid - e,g, citric acid - may serve as both a 
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component of the effervescent system and a pH reductant for the liquid preparatfon made using the 
tablet 

Effervescent tabfets and "fast melt" formulations may include as previously described, e.g. in most 
5 cases will contain an antimicrobial preservative and/or one or more flavour agents. One class of 
tablets and. fast melt formulations comprises monodose tablets, or formulation units containing a 
single dose of boronic acid salt, as described above in relation to granules and powders. 
Alternatively, each tablet or formulation unit may contain a fraction of a dose, again as described 
above in relation to granules and powders. 



10 



Effervescent tablets will of course contain an effervescent system, as previously described. 



The disclosure is not restricted to reconstitutable formulations as described above. Thus certain 
aspects of the disclosure include or involve other oral formulations, for example tablets and 
15 capsules. Such aspects of the disclosure may include or involve parenteral, particularly intravenous 
formulations. Some of these aspects are: 

• the high purity salts 

• treatment (prevention) of flight DVT 

• treatment (prevention) of thrombosis in extracorporeal liver detoxification. 

20 

According to a further aspect, therefore, there is provided an oral or parenteral pharmaceutical 
formulation including a product as described herein, notably a product obtained or obtainable by the 
high purity process, in admixture with a pharmaceutieally acceptable adjuvant, diluent or carrier. 

25 solid dosage forms for oral administration include capsules, tablets (also called pills), powders and 
granules. In such solid dosage forms, the active compound is typically mixed with at [east one inert, 
pharmaceutieally acceptable excipient or carrier such as sodium citrate or dicalcium phosphate 
and/or one or more: a) fillers or extenders such as starches, lactose, sucrose, glucose, mannitoi and 
silicic arid; fa) binders such as caiboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidone, 

30 sucrose and acacia; c) humectants such as glycerol; d) disintegrating agents such as agar-agar, 
calcium caibonate, potato or tapioca stanch, alginic acid, certain silicates and sodium carbonate; e) 
solution retarding agents such as paraffin; f) absorption accelerators such as quaternary ammonium 
compounds; g) wetting agents such as cetyl alcohol and glycerol monostearate; h) absorbents such 
as kaolin and bentonite clay and i) lubricants such as talc, calcium stearate, magnesium stearate, 

35 solid polyethylene glycols, sodium lauryl sulfate and mixtures thereof. In the case of capsules and 
tablets, the dosage form may also comprise buffering agents. Solid compositions of a similar type 
may also be employed as fillers in soft and hard-filled gelatin capsules using such excipients as 
lactose or milk sugar as well as high molecular weight polyethylene glycol, for example. 
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(~~^ Suitably, tfie oral "formulations may contain a dissolution aid. The dissolution aEcf is not limited as to 
its identity so long as it is pharmaceutical!/ acceptable. Examples include nonionic surface active 
agents, such as sucrose fatty add esters, glycerol fatty acid esters,, sorbfran fatty add esters (e.g., 
sorbitan trioleate), polyethylene glycol, polyoxyethylene hydrogenated castor oil, polyoxyethylene 
5 sorbftan fatty add esters, pofyoxyethylene alkyl ethers, methoxypolyoxyethyiene alkyl ethers, 
polyoxyethylene alkylphenyl ethers, polyethylene glycol fatty acid esters, polyoxyethylene 
afkyfamines, polyoxyethylene alkyl thfoethers, polyoxyethylene polyoxypropylene copolymers, 
polyoxyethylene glycerol fatty acid esters, pentaerythrifol fatty acid esters, propylene glycol 
roonofatty acid esters, pofyoxyethylene propylene glycol monofatty acid esters, polyoxyethylene 
10 sorbitol fatty add esters, fatty acid alfcylolamides, and alkylamine oxides; bile acid and salts thereof 
(e.g v chenodeoxychoiic add, choiic acid/ deo:xyebolic add, dehydrocholrc acid and sate thereof, and 
glycine or taurine conjugate thereof); topic surface active agents, such as sodium laurylsutfate, fatty 
acid soaps, atkylsulfonate?, alkylphosphates, ether phosphates, fatty acid salts of basic amino adds; 
triethanolamine soap, and alkyl quaternary ammonium salts; and amphoteric surface active agents, 
15 such as betaines and aminccarbtfxyiic acid salts. 



The presently disclosed product may be presented as solids in finely divided solid form, for example 
they may be micronised. Powders or finely divided sofids may be encapsulated. 

20 The active compound may be given as a singfe dose, in multiple doses or as a sustained release 
formulation. 



In the case of tablets or capsules, the compounds, particularly the salts of amino- or peptfdo-borgnfc 
acids, may be administered in a form which prevents the salt from contact with the acidic gastric 
25 juioe, such as entericalfy coated formulations, which thus prevent release of the salt until it reaches 
the duodenum. 



The enteric coating is suitably made of carbohydrate polymers or polyvinyl polymers, for example. 
Examples of enteric coating materials include, but are not limited to, cefluinse acetate phthalate, 

30 cellulose acetate succinate, caftufase hydrogen phthalate, cellulose acetate trimellitate, sthyi 
cellulose, hydroxypropyi-methylceiiulDse phthalate, hydroxypropylmethyfcelluiose acetate succinate, 
carboxymethy! ethylcellulose, starch acetate phthalabe, amylose acetate phthalate, polyvinyl acetate 
phthafate, polyvinyl butyrate phthalate, styrene-maleie acid copolymer, methyi-^crylate-methacrylic 
acid copolymer (MPM-05), methylacrylate-methacryfic add-methylrnethacrylate copolymer (MPM-06), 

35 and methylmethacrylate-methacrylic acid co-polymer (Eudragit® L & S). Optionally, the enteric 
coating contains a plastldser- Examples of the plasticiser include, but are not limited to, triethyl 
citrate, trlaoetin, and diethyl phthalate, 

Combination Therapy 
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The compounds may be administered alone or in combination with pharmaceutical^ acceptable 
diluents, excipients or carriers. The term "phannaceutically acceptable" includes acceptability for 
bath human and veterinary purposes, of which acceptability for human pharmaceutical use is 
5 preferred. 

The salts of the disclosure may bfe combined and/or co-adrninistered with any cardiovascular 
treatment agent. There are large numbers of cardiovascular treatment agents available in 
commercial use, in clinical evaluation and in pre-clinical development, which could be selected for 

10 use with a product of the disclosure for the prevention of cardiovascular disorders by combination 
drug therapy. Such agent can be one or more agents selected from, but not limited to several major 
Categories, namely, a lipid-Iowering drug, including an IBAT (ileal Na + /bile acid ootransporter) 
inhibitor, a fibrate, niacin, a statin, a CETP (cholesteryl ester transfer protein) inhibitor, and a bile 
acid sequestrant, an antf-oxidant, including vitamin E and probucol, a Ilb/IIIa antagonist (e.g. 

15 abcfcimab, eptffibatide, tirofiban), an aldosterone inhibitor (e.g. spirolacfcone and epoxymexrenone), 
an adenosine A2 receptor antagonist (e,g. fosartan), an adenosine A3 receptor agonist, a beta- 
blocker, acetylsalicylic acid, a loop diuretic and an ACE (angiotensin converting enzyme) Inhibitor. 

The salts of the disclosure may be combined and/or co-administered with any antithrombotic agent 
20 with a different mechanism of action, such as the antiplatelet agents acetylsalicylic acid, tidopidine, 
ciopidogrel, thromboxane receptor anchor synthetase inhibitory prostacyclin mimetfcs and 
phosphodiesterase inhibitors and ADP-receptor {?2 T) antagonists. 

The products of the disclosure may further be combined and/or co-administered with thrombolytics 
25 such as tissue plasminogen activator (natural, recombinant or modified), streptokinase, urokinase, 
prourokinase, anisoylated plasminogen-streptokinase activator complex (AP5AC), animal salivary 
gland plasminogen activators, and the like, in the treatment of thrombotic diseases, in particular 
myocardial infarction. 

30 Hie salts of the disclosure may be combined and/or coadministered with a cardioprotectant^ for 

„• 

example an adenosine Ai or A3 receptor agonist 

Actual dosage levels of active ingredients in the pharmaceutical compositions of this disclosure may 
be varied so as to obtain an amount of the active compound(s) that is effective to achieve the 
35 desired therapeutic response for a particular patfent, composition, and mode of administration 
(referred to herein as a "therapeutically effective amount' 1 ). The selected dosage level will depend 
upon the activity of the particular compound, tr?e severity of the condition being treated and the 
condition and prior medical history of the patient being treated. However, it is within the skill of the 
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art to start closes of the compound at levels lower than required for to achieve the desired 
therapeutic effect and to gradually increase the dosage until the desired effect is achieved. 

The formulations and dosage forms of the disclosure include those in which the salt is an alkali metal 
5 salt, for example a lithium, sodium or potassium salt, of which sodium salts may be mentioned as 
particular salts. Another class of formulations contains aminpsugar salts of the disclosed boronfc 
acids, for example N-methyl-D-gJucamine salts. The salts mentioned in thfs paragraph may be 
administered as solutions in water, typicairy containing one or more addrtrves, for example isotonicity 
agent(s) and/or antioxJdant(s). A suitable way to store the saits is in solid form, for example as dry 
10 powder, and to mate them up into solutions for administration prior to administration. 

It will be understood from the aforegoing that there are provided pharmaceutical products 
comprising a mono alkali metal or hemi alkaline earth metaf salt of a boronie acid of Formula (I) in 
the form of a product suitable for reoonstitutian into an aqueous read-to-drink formulation, The 
15 product suitable for reconstitute may comprise a sachet containing powder or granules or it may 
Comprise an effervescent tablet. One example is a monosodium salt of a boronie add of Formula (I), 
particularly Tftt 50c, in dry powder or granular form for reconstitutron as a drinkable liquid 
formulation, particularly a solution. Another example is a hemicalcium salt of a boronie acid of 
Formula (I), particularly TRI 50c, in dry powder or granular form far reconstftution as a drinkable 
20 liquid formulation, particularly a solution. The salt may be a lyophilisate. The dry powder or 
granular material may be packaged in a sachet. As an alternative to such dry powder or granular 
material, the monosodium or hemicalcium salt may be in the form of an effervescent tablet. 

EXAMPLES 

25 

GUIDE TO THE EXAMPLES 

All the Examples relate to the Novel Products of the disclosure. Specifically, the Examples relate to 
the different categories mentioned in the *Gurde to the Specification" as follows: 
30 » Examples 1 to 4 and 42 to 44 relate to Synthetic Methods II and thus to the High Purity 

Products (a class of Novel Product) 

• Examples 5 to 35 and 40 relate to Synthetic Methods I and to the characterisation and 
testing of the Novel Products made using the techniques of Synthetic Methods I 

* Examples 36 to 39 and 41 contain unpublished material serving to verify that TRI 50c, and 
35 hence the Novel Products (including therefore the High Purity Products), are effective in 

arterial as well as venous contexts. 



EXAMPLES i TO 4 - INTRODUCTORY REMARKS 
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Apparatus 



15 



20 



Throughout the following procedures of Examples 1 to 4, standard laboratory glassware and, where 
appropriate, specialised apparatus for handling and transferring of air sensitive reagents are used, 

All glassware is heated at 140-1SD°C for at feast 4 hours before use and then cooled either in a 
desiccator or by assembling hot and purging wfth a stream of dry nitrogen. 

Solvents 

The organic solvents used in the procedures of Examples i to 4 are alf dry, Suitably, they are dried 
over sodium wire before use. 



In the drying procedures of Example l to 4, products are tested for dryness (including dryness in 
terms of organic solvent) by observing weight toss on drying. The following procedure was followed 
to determine Joss on drying: a sample was placed in a vacuum drier and dned at 40*c at 100 mbar 
for 2 hours. Products are considered dry when the decrease in weight upon drying is less than 0.5% 
of the total weight of the starting material, 

Examples 1 to 4 describe performance of the following reaction scheme and conversion of the 
resultant TRI 50c to sodium and calcium salts thereof: 



Dryness 
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5 EXAMPLE 1 - SYNTHESIS OF TRI SOB 



;DjO;^5g : :;P^Mar-Q4 06:30 | 



9. MAR. 2004 19:14 HARRISON GODDARD FOO NO. 586 P. 70 

JKHUI7UB2 

6S 

O Step is Z-DIPIN B 

Procedure A 

17.8 g (732.5 mmole) magnesium turnings, 0,1 g (0.4 mmole) Iodine and 127 ml dry 
5 tetrahydrofuran are charged and heated to reflux, Then 15 ml of a solution of 66 g (60S mmole) l- 
chtoro-3-methoxypropane in 185 ml dry tetrahydmfuiran are added end stirred under reflux until the 
vigorous reaction starts. After the initial ^cotherm ceases, the solution of l-chfora-3- 
methoxypropane is added slowly to maintain gentle reflux until all the magnesium is consumed. 
After the Action is finished, the reaction mixture i$ cooled to ambient temperature and slowly 
10 added to a solution of 64.4 g (620 mmole) trimethylborate in 95 ml dry tetrahydrofuran; the latter 
so/ution is coated to below 0°C and, if it warms up during the course of the reaction, the reaction 
mixture must be added to it sufficiently slowly to maintain the temperature of this solution below 
65°C. Upon complete addition, the reaction mixture is allowed to warm to about (PC and stirred' for 
another 60 minutes- Then a solution of 22.4 ml sulfuric acid in 400 ml water is added slowly so as 
15 to maintain the temperature beiow 20°C The layers are allowed to settle and the phases are 
separated, The aqueous layer is rewashed three times with 200 ml tert.-butylmethyfether. The 
combined organic layers are allowed to settle and additional water separated from this solution is 
removed, The organic layer is dried over magnesium sulfate, filtered and evaporated to dryness. 
The evaporation residue Is filtered from the precipitated solid and the filtrate dissolved in 175 ml 
20 toluene, 34.8 g (292 mmole) pinaool is charged to the solution followed by stirring at ambient 
temperature for not less than 10 hours. The solution is evaporated to dryness, dissolved in 475 ml 
n-heptane and washed three times with 290 mi saturated aqueous solution of sodium hydrogen 
carbonate. The n-heptane solution is evaporated to dryness arid the evaporation residue distilled 
and the fraction with Bp 40-50 °C at 0. 1-0.5 mbar recovered. 
25 Boiling point: 40-50°C / 0. 1-0.5 mbar 
Yield: 40.9 g (70%) Z-DIPIN B (oii) 

Procedure fe 

17.8 g {732.5 mmole) magnesium turnings, 0.1 g (0.4 mmole) iodine and 127 ml dry 
30 tetrahydrofuran are charged and heated to reflux. Then IS mi of a solution of 66 g (608 mmole) 1- 
chioro-3-methoxypropane in 185 ml dry tetrahydrofuran are added and stirred under reflux until the 
vigorous reaction starts. After the initial exotherm ceases, the solution of l-chloro-3- 
methoxypropane is added slowly to maintain gentle reflux. After the reaction is finished,, the 
reaction mixture is cooled to ambient temperature and slowly added to a solution of 64-4 g (620 
35 mmole) trim ethyl borate in 95 ml dry tetrahydrofuran, maintaining the temperature of this solution 
below minus 65*C Upon complete addition, the reaction mixture is allowed to warm to about 0°C 
and stirred for another 60 minutes. Then a solution of 22.4 ml sulfuric acid in 400 ml water is added 
slowly so as to maintain the temperature beiow 20*C. The organic solvent is removed by distiliation 
under vacuum. 300 mi n-heptane is charged to the aqueous Solution of the evaporation residue 
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O followed by addition of 34.8 g (292 mmole) pinacol. The two-phase-mlxture is stirred at ambient 

temperature for not less than 2 hours. After allowing the layers to settle, the aqueous phase is 
separated. 300 ml n-heptene is charged to the aqueous solution and the two-phase-mixture is 
stirred at ambient temperature for not less than 2 hours. After allowing the layers to settle, the 
5 aqueous phase is separated. The organic layers are combined and washed ones with 200 ml water, 
followed by 200 ml saturated sodium hydrogen carbonate solution and two further washes with 200 
ml water each. The n-heptane solution is evaporated to dryness and the evaporation residue 
distilled and the fraction with Bp 40-50°C at 0.1-0.5 mbar recovered. 
Boiling point'. 40-50 a c / 0.1-0.5 mbar 
1 0 Yield: 40.9 g (70^85%) Z-DIPIN B (oil) 

Step 2: Z-DIPIN C 

16.6 g (164 mmole) diisopropylamine and 220 ml tetrahydrofuran are charged and cooled to -30 to 
15 -40°G To this solution 41,8 g (163 mmole) n-bulyl lithium, 25% in n-heptane is added, followed by 
stirring at 0 to -5°c for one hour. This freshly prepared solution of lithium diisopmpylamide fe 
cooled to -3Q°C and then added to a solution of 27.9 g (139 mmole) Z-DIPIN B in 120 ml 
tetrahydrofuran and 35.5 g (418 mmole) dichloromethane at a temperature between -60 and - 
75°C The solution is stirred at that temperature for half an hour followed by addition of 480 ml 
20 (240 mmole) 0.5N anhydrous Zinc(lI)-chloride in tetrahydrofuran or 32.5 g (240 mmole) anhydrous 
solid ZincdlKhloride. After sttrring at-€E*C for one hour r the reaction mixture Is allowed to warm 
to ambient temperature and stirred for another 16-18 hours. The reaction mixture is evaporated to 
dryness (i.e. until solvent fe removed) and followed by addition of 385 ml n-heptane. The reaction 
mixture is washed with 150 ml 5% sulfuric acid, with 190 ml saturated sodium hydrogen carbonate 
25 solution, and 180 ml saturated sodium chloride solution. The organic layer is dried over magnesium 
sulfate, filtered and evaporated to dryness (i.e. until solvent Is removed). The oily residue is 
transferred into the next step without further purification. 
Yield: 19 g (55%) Z-DIPIN C 



0 Step 3: Z-DIPIN D 



To a solution of 23.3 g (148 mmole) hexamethyldisilazane in 400 ml tetrahydrofuran at -15«C is 
added 34 7 g (136 mmole) n-butyl lithium, 25% in n-heptane and stirred for one hour. The solution 
fe cooled to -55-C followed by the addition of 30.6 g (123 mmole) Z-DIPIN C dissolved in 290 ml 
35 tetrahydrofuran and 35 ml tetrahydrofuran to this freshly prepared solution of LiHMDS. The Solution 
is allowed to warm to ambient temperature and stirred for 12 hours. The reaction mixture is 
evaporated to dryness, the evaporation residue dissolved in 174 ml n-heptane, washed with 170 ml 
water and 75 ml saturated sodium chloride solution. The organic phase is dried over magnesium 
sulfate, filtered and evaporated to complete dryness (i.e. until solvent is removed). The oily residue 
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O fe dissolved h 100 a n-heptane. This solution is carried over in* the next step without further 
purfficatiQn. 

Yield: 32,2 g (70%) Z-DIPIN D 
5 Step 4; Z-DIPIN (TRlSOb, crude) 

A solution of 26,6 g (71 mrnole) Z-DIKN D in 82.6 g n-heptane is diluted wfth 50 m. n-heptene and 
rooted to H50-C followed by inaction of 10.5 g (285 mrnole) hydrogen chloride. The reaction 
m.xture fe subsequently evacuated and flushed wfth nfbogen, while the temperature is increased in 
mcrements of about 20*c to ambient temperature. The solvent is removed from the ofjy precipe 
and replaced several times by 60 ml fresh n-heptane. The oily residue is dissolved in 60 ml 
tetrahydrofuran (Solution A). 



10 



15 



To a different flask 130 ml tetrahydrofuran, 24.5 g (61.5 mrnole) Z-D-Phe-Pro-OH and 6 22 g (51 5 
mrnole) N-methylmorpholine are charged and cooled to -20°C To this solution a solution of 8 4 g 
(61.5 mmole) isobutylchlorofbrmate in 20 ml tetrahydrofuran is added and stirred for 30 minutes 
followed by addition of Solution A at -25°C. Upon complete addition, up to 16 ml (lis mmole) 
tnethylamlne is added to adjust the P H to 9-10, measured using a P H stick. The reaction mixture is 
allowed to warm to ambient temperature and stirred for 3 hours, still under nitrogen. The solvent is 
evaporated to dryness and the evaporation residue disserved in, 340 ml tert.-butylm e thylether (t- 
BME). The solution of Z-DIPTN in t-BME is washed twice with 175 ml 1.5% hydrochloric acid. The 
combined acidic washes are given a rewash with 175 ml t-BME. The combined organic layers are 
^shed with 175 ml water, with 175 mi saturated sodium hydrogen carbonate solution, with 175 ml 
25% sodium chloride solution, dried over magnesium sulfate and filtered. This solution is carried 
25 over into the next step without further purification. 
Yield: 29.9 g (80%) Z-DIPIN 



20 



30 



35 



QCWPLf 2 - SYiyrHESis qftri son mrFTHANoi abduct of tpt gog) 

The starting material used in this Example is the solution of JRI 50b CZ-DBW) obtained in 
Example L The solution is carried forward to the synthesis of TRI 50d without further purification. 
The solution of Z-DIPIN in t-BME (containing 7.0 g (11,5 mmole) (R,S,R) TRKOb, calculated based 
on HPLC results of Z-DIPIN) is evaporated to dryness and the evaporation residue dissolved in 80 ml 
d.ethyiemer. 1.51 g (14,4 mmole) diethanolamina is added and the mixture heated at reflux for at 
least 10 hours, during which process the product precipitates. The suspension is cooled to 5-l0°C, 
filtered and the filter residue washed with diethylether. 



# 
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To improve chiral and chemical purity the wet filter cake (7 g) is dissolved in 7 ml dfchloromethane, 
cooled to 0~5*C and toe product precipitated by addition of 42 m | diethylether and filtered. The 
isolated wet product is dried at 35*0 in vacuum or at least 4 hours, until day. 
Yield; 5.5 g (80%) TriSOd 
5 Melting Point; 140- 145*0 

EXAMPLE 3 - PRFPARATION OF SOHTi M SALT OF TRTfinC 



1.5 kg (2.5 mole) TRlSOd from Example 2 is dissolved in 10.5 L dfchloromethane. ii L 2% 
hydrochloric acid is added and the mixture Is stirred for at most 30 minutes (optimally about 20 
minutes) at room temperature. A precipitate forms in the organic phase. After stirring, the layers 
are allowed to settle and separated. The aqueous layer is rewashed twice with 2.2 L 
dichloromethane. The combined organic layers are washed with a solution of 625 g ammonium 
chloride in 2.25 L water. (The ammonium chloride buffers the pH of the aqueous extractions to be 
IS within a range of from about pH 1-2 to about pH 4-5, as strongly acidic conditions might cleave 
peptide bonds). The organic phase is dried over magnesium sulfate, filtered and the filtrate 
evaporated to dryness. An assay of the free boranic add is performed (by the RP HPLC method of 
Example 38 for at most 30 mins (optionally about 20 min) at room temperature) and the amounts of 
the solvents and base for conversion of the acid to the salt are calculated. If 2.S mol of the free acid 
20 is obtained, the evaporation residue is dissolved in 5 L acetonitrile followed by addition of a solution 
of 100 g (2.5 mole) sodium hydroxide as a 5% solution in 2.2 L weter. The solution is stirred for 
iwo hours at ambient temperature (e.g. I5-30°C, opUmalfy room temperature) and then evaporated 
in vacuum (of ca. 10 mmHg) at a temperature not exceeding 35°C. The evaporation residue is 
repeatedly dissolved in 3.5 L fresh acetonitrile and evaporated to dryness to remove traces of water. 
If the evaporation residue is dry, it is dissolved in 3 L acetonitrile (or alternatively m 6 L THF) and 
slowly added to a mixture of 32 L n-hepiane and 32 L diethylether. The addition is performed slowly 
enough to avoid lumping or sticking of the product and is carried out over a period of not less than 
30 minutes. The precipitated product is filtered off, washed with n-heptane and dried under vacuum 
at a temperature initially of about 10°C and then increasing to a limit of about 35°C, until dry. 
3 0 Yield ; 1 .0 kg (70%) TH50C sodium salt. 

EXAMPLE 4 - PRE PARATION OF CALCIUM $ftLT OF TRI50C 

1.5 leg (2.5 mole) TRI50d from Example 2 is dissolved in 10.5 L dichloromethane. 11 L 2% 
35 hydrochloric acid is added and the mixture is stirred for at most 30 minutes (optimally about 20 
minutes) at room temperature. After stirring the layers are allowed to settle and separated. The 
aqueous layer is given a rewashed twice with 2.2 L dichloromethane. The combined organic layers 
are washed with a solution of 625 g ammonium chloride in 2.25 L water, The organic phase is dried 
over magnesium sulfate, filtered and the filtrate evaporated to dryness, An assay of the free boronic 
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acid is performed and the amounts of the solvents and bass for conversion of the add to the salt are 
calculated. If 3,5 mol of the free add is obtained, the evaporation residue is dissolved In 5 L 
acetonitrife followed by addition of a suspension of 93 g (1.25 mole) calcium hydroxide in 3. L water. 
The solution is stirred for two hours at ambient temperature (e.g. 15-30 9 C, optimally room 
temperature) and then evaporated under vacuum (of ea. 10 mmHg) at a temperature initially of 
about i0*C and then increasing to a limit of about 35°C. The evaporation residue is repeatedly 
dissolved In 3.5 L fresh acetonitrile and evaporated to dryness to remove traces of water. If the 
evaporation residue fs dry, it is dissolved In 6 L tetrahydrofuran and slowly added to a mixture of 32 
L n-fceptane and 32 L drethylether. The addition Is performed slowly enough to avoid lumping or 
sticking of the product and is carried out over a period of not less than 30 minutes. The precipitated 
product is fi/tsred off, washed with n-heptane and dried under vacuum (of ca. 10 mmHg) at a 
temperature befow 35°C until dry. 
Yfelds 0.98 kg (70%) TrfSQc calcium salt 



# 



15 The procedure? of Examples i to 4 may be scaled up and, if operated carefully, will produce highly 
pure salts. In the diethanolarnme precipitation step it is Important to use 1»25 equivalents of 
diethanolamine per equivalent of (R f S,R) TRI 50b. In the hydrofysis of the diethanotemine ester, It 
is important to avoid excessively long contact with the aqueous acid. Likewise the TRI 50b should 
be synthesised via the Grignard reaction to Z-DIPIN A, 

20 

EXAMPLE 5 - ALTERNATIVE CONVFRSION OF TRI SOB TO TRI 50C 

The synthetic procedures described in this and subsequent synthetic examples were generally 
performed under nitrogen and using dry solvents as supplied from commercial sources. 

25 

1, Approximately 300 g of TRI 50h r obtained by the HPLC purification of racemic TRI 50b) were 
dissolved \n approximately 2,5 L diethylether. It is estimated that different batches of TRI 50b had 
isomeric purities ranging from 85% R 7 5 7 R to in excess of 95% R,S,R. 

2, Approximately 54 mi diethanofamine were added (1:1 stoichiometry with total TRI 50b content), 
30 and the mixture was refluxed at 40 °C. 

3, The precipitated product was removed, washed several times with dlethyfether and dried- 

"4. The dry product was dissolved in CHCI3. Hydrochloric acid (pH 1) was added and the mixture 

was stirred approximately Ih at room temperature. 

5, The organic layer was removed and washed with NH4CI solution. 

35 6. The organic solvent was distilled off and the residual solid product was dried. 



Typical yield: Approximately 230 g 



EXAMPLE 6 - PREPARATION OF LITHIUM SALT OF TRI5QC 
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Cbz-Phe-Pro-BoroMpg-OH obtained by the method of Example 5 (2O.O0g, 3S.lmM) is dissoived fn 
acetonitrile (200mi) wrth stirring at room temperature* To this solution is added IJOH as a 0-2M 
solution in distilled water (190ml). The resultant clear solution is stirred for 2 hours at room 
temperature and then evacuated to dryness under vacuum with its temperature not exceeding 3?°c. 
The resultant oil/tacky fiquid is redissolved in 500ml distilled water necessary wrth Fight warming for 
about 20 minute?. The solution is filtered through fiter papar and evacuated to dryness,, again with 
the temperature of the solution not exceeding 37°C The resultant product is dried under vacuum 
overnight to normally yield a white brittle solid. 

The salt was then dried under vacuum over silica to constant weight (72 h). 



Yield 17.89g. 



15 Microanalysis: 



% C % Found 
(Calc.) 


H % Found 
(Calc.) 


N % Found 
(Calc.) 


B % Found 

(Calc) 


Metal % Found 

(Calc) 


57.14 
(61.03) 


6.60 
(6-64) 


7.34 
(7.90) 


2.07 
(2.03) 


Li 1.26 
(1,31) 



20 



25 



30 



EXAMPLE 7 - UV/vISIBLE SPECTRA OF LITHIUM SALT 0FTRJ50C 

UV/Visible spectra of the salt resulting from the procedure of Example 6 were recorded in distilled 
water at 20°C from 190nm to 400nm. The salt gave JWat 210 and 258nm. The weight of the dried 
salt was then measured for the purposes of caiculating the extinction coefficient. The at 258 nm 
was used. The extinction coefficient was calculated using the fanrnulas- 

A = $cl where A is the absorbance 

C is the concentration 
I the path length of the UV cell 
and e is the extinction coefficient- 

Extinction coefficient: 451 

EXAMPLE 8 - AQUEOUS SOLUBILITY OF LITHIUM SALT OF TRI5QC 
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The salt used in this Example was made using a modification of the process described in Example 6. 
The mcdified process differs from that described in that iOOmg of TRT 50c was used as starting 
material, the product of the redissoiution fn water was dried by freeze drying and the filtration was 
carried out through a 0.2pm filter. The safe is believed to contain about 85% of R,S r R, isomer. 

To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37°Q the 
sample filtered and the UV spectrum measured. Trie salt left: a white residue of undissolved material. 
The lithium salt was comparatively soluble and so was redfssolved at 50mg/ml in the seme manner 
previously described. 

Solubility when dissolved at 25mg/m(: 43mM (23 rng/ml). 
Solubility when dissolved at 50rng/rnlr SimM (43 mg/ml). 



# 



15 



20 



25 



EXAMPLE 9 - PREPARATION OF SODIUM SALT QFTRI50C 

Cbz-Phe-Pra-BoroMpg-OH obtained by the method of Example 5 (20.00g r 3&lmM) is dissolved in 
acetonltrile (2G0mI) with stirring at roam temperature. To this solution fe added NaOH as a D.2M 
solution m distilled water (190ml), The resultant clear solution is stirred for 2 hours at room 
temperature and then evacuated to dryness under vacuum with its temperature not exceeding 37°C. 
The resuftant oil/tacky liquid is nedissolved in 500ml distilled water with light wanning for about 15- 
20 minutes. The solution is filtered through filter paper and evacuated to dryness, again with the 
temperature of the solution not exceeding 37°C. The resultant product is dried under vacuum 
overnight to normally yield a white brittle solid. The product may be present as an oil or tacky solid 
due to residual water, in which case ft is dissolved in ethyl acetate and evacuated to dryness to 
produce the product as a white solid. 



30 



35 



The salt was then dried under vacuum over silica to constant weight (72 h). 



Yield: Over 50%, 



Microanalysis; 



C % Found 


H % Found 


N % Found 


B % Found 


Metal % Found 


(Calc) 


(Calc.) 


(Cbfci) 


(Calc.) 


(Calc.) 




6.47 


7.31 


1.91 


Na 3.81 


(59.24) 


(6.44) 


(7.67) 


(1,98) 


(4.20) 



EXAMPLE 10 - UV/VI5ISLE 5PECTRA OF SODIUM SALT OF TR15DC 
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i UV/Vfsible spectra of the sodfum salt resulting from the procedure of Example 9 were recorded In 

distilled water at 20°c from 190nm to 40Onm. The salt gave A maK at 210 and 253nmi The weight of 
the dried salt was then measured for the purposes of calculating the extinction coefficient. The W 
at 253nm was used. The extinction coefficient was calculated using the formula:- 

5 

A - eci where A is the eibsorbance 

C is the concentration 
I the path length of the UV cell 
and s Is the extinction coefficient, 

10 

Bdf notion coefficients 415. 



EXAMPLE 11 - AQUEOUS 5QLUBILTTY OF SODIUM SALT OF TRI50C 

IS The salt used In this Example was made using a modification of the process described in Example 9. 
The modified process differs from that described fn that lOOrng of TRJ 50c was used as starting 
material, the product of the redissolution in water was dried by freeze drying and the filtration was 
carried out through a 0.2pm filter, The satt: is believed to contain about 85% of R,5 7 R isomer, 

20 To determine maximum aqueous solubifity 25mg of the dried salt were shaken in water at 37 n C, the 
sample filtered and the UV spectrum measured. The sslt left a white residue of undissolved material. 
The sodium saft was comparatively soluble and so was ^dissolved at 50mg/ml in the same manner 
previously described. 

25 Solubility when dissolved at 25mg/ml: 44mM (25 mg/ml)- 
SolubFlity when dissolved at 50mg/ml: 90mM (50 mg/ml). 



EXAMPLE 12 - PREPARATION OF POTASSIUM SALT OFTRI5QC 

30 Cbz-Phe-Pro-SoroMpg-OH obtained by the method of Example 5 (20.00g, 38.1mM0 is dfssolved in 
acetonftrile (200m/) with stirring at room temperature. To this solution is added KOH as a 0.2M 
solution in distilled water (19QmI). The resultant clear solution is stirred for 2 hours at room 
temperature and then evacuated to dryness under vacuum wfth its temperature not exceeding 37°C. 
1 The resultant dl/tacky liquid is red rss Dived in 1L distilled water with warming to 37°C for about 2 

35 hours. The solution is filtered through filter paper and evacuated to dryness, again with the 
temperature of the solution not exceeding 37°C. The resultant product is dried under vacuum 
overnight J:o normally yiefd a whfte brittle solid. 
Yield: 14.45 mg. 
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The salt was then dried under vacuum over silica to constant weight (72 h). 



Microanalysis: 



# 



C % Found 


H % Found 


N % Found 


B % Found 


Metal % Found 


(Cafe) 


(Cafe) 


(Calc.) 


(Cafe.) 


(Calc.) 


54,84 


6.25 


7.02 


2,01 


K4.29 


(57.55) 


(6.26) 


(7,45) 


(1.92) 


(6.94) 



EXAMPLE 15 - UV/VISIBLE SPECTRA OF POTASSIUM SALT OF TRI5QC 

UV/Visible spectra of the potassium salt resulting from the procedure of Example 12 were recorded 
30 in distilled water at 2G°C from 19Qnm to 4O0nm, TRI50C and the salt gave at 210 and 258nm. 
The weight of the dried salt was then measured far the purposes of calculating the extinction 
coefficient The A™** at 258nm was used. The extinction coefficient was calculated using the 
formula:- 

15 A = eel where A i$ the absorbance 

C is the concentration 
I the path length of the UV cell 
and s is the sanction coefficient 

20 Extinction coefficient 438. 

EXAMPLE 14 - AQUEOUS SQLIJBILTTY OF POTASSIUM SALT OF TRISOC 

The salt used in this Example was made using a modification of the process described in Example 
25 12. The modified process differs from that described in that lOOmg of TRI 50c was used as starting 
material, the product of the redJssolution in water was dried by freeze drying and the filtration was 
earned out through a 0.2pm filter* The salt is believed to contain about 85% of R f S,R isomer* 

To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37 6 C f the 
30 sample filtered and the UV spectrum measured. The saft left a white residue of undissolved material. 

Solubility when dissolved at 25rtig/ml: 29rnM (X6 mg/ml> 



35 



EXAMPLE 15 ~ PREPARATION OF ZINC SALT OF TRI 5DC 
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C The relative solubility of zinc hydroxide is such that, if the hydroxide had been used to prepare the 
corresponding TRI 50c salt using the procedure of Example 6, they would not have resulted in 
homogeneous salt formation. A new method was therefore developed to prepare the zinc salt, as 
described in this and the next examples. 

5 

TRI 50c sodium salt (2.24g, 4.i0mM) was dissolved in distilled water (100ml) at room temperature 
and zinc chloride in THF (4.27ml, 0.5M) was carefully added with stirring, A White predpftate that 
immediately fbmied was filtered off and washed with distilled water. This solid was dissolved in 
ethyl acetate and washed with distilled water (2 x 50ml). The organic solution was evacuated to 
10 dryness and the white solid produced dried over silica in a desiccator for 3 days before 
microanalysis. Yield 1.20g. 

*H NMR 40QMH2, 5 H (CP 3 OD) 7.23-7.33 (20H, m, ArH), 5.14 (4H, m, PhCHjO), 4,52 (4H, m, otCH), 
3.S5 (2H, m), 3.31 (12H, m), 3.23 (6H, S, OCH3), 2.96 (4H, d, J7.8HZ), 2.75 (2H, m), 2.58 (2H, hi), 
15 1.86 (6H, m), 1 .40 (10H, m). 

13 C NMR 75MHz Sc(CD 3 OP) 178.50, 159.00, 138.05, 137.66, 130.54, 129.62, 129.50, 129.07, 128.79, 
128.22, 73.90, 67.90, 58.64, 58.18, 56.02, 38.81, 30.06, 28.57, 28.36, 25.29. 

FTIR (KBr disc) (cm" 1 ) 3291.1, 3062.7, 3031.1, 2932.9, 2875.7, 2346,0, 1956.2, 1711.8, 1647.6, 
20 1536.0, 149S-2, 1452.1, 1392.4, 1343.1, 1253.8, 1116.8, 1084.3, 1027.7, 916-0, 887.6, 748.6, 699.4, 
595.5, 506.5. 

I gCAMPI E 16 - PREPARATION OF ARGIMINF SALT QFTRI50C 

25 Cta-Phe-Pro-BoroMpg-OH obtained by the method of Example 5 (20.00g, 38.imM) Is dissolved in 
acetonitrile (200ml) wfth stirring at room temperature. To this solution is added arginine as a 0-2M 
solution in distilled water (190ml). The resultant clear solution is stirred for 2 hours at room 
temperature and then evacuated to dryness under vacuum with its temperature not exceeding 37°C. 
The resultant oil/tacky liquid is redissolved in 2L distilled water wfth warming to 37°C for 2 hours. 

30 The solution is filtered through filter paper and evacuated to dryness, again with the temperature of 
the solution not exceeding 37*C. The resultant product is dried under vacuum overnight to normally 
yield a white brittle solid. 



35 



The salt was then dried under vacuum over silica to constant weight (72 h). 



Yield: 10.54g. 



Microanalysis: 
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C % Found 


I H % Found 


N % Found 


1 B % Found 


(calc.) 


(Cafe.) 


CCafc.) 


I (Calc.) 


52.47 | 


7.12 


15.25 | 


1 1.52 


I (56.65) J 


(7.20) 


(14.01) 


(1.54) [ 



EXAMPLE 17 - UWViSTB! F spa-p * nn S AI>T fy-re^ 

W/VWN. spectra of the salt resulting from the procure of Example 15 warn record in distilled 
water at 2 0 o C from i 90 nm to 400nm. TRI50C and the salt gave W at 210 and 25Snm. The 
weight of the dried salt was then measured for the purposes of calculating the extinction coefficient 
The W at 25finm was used. The extinction eoefffcJent was calculated using the formula 

A = eel where A is the afasorbance 

C fe the concentration 
I the path length of the UV cell 
and e is the extinction coefficient. 



15 



20 



25 



30 



35 



Extinction coefficient: 406. 

EXAMPLE 1? - AQUEOUS SOLUBILITY OF Ap^tmtme ca, t- OFTRI5nr 

The salt used in this Example was made using a modification of the process described in Example 
16. The modified process differs from that described in that lOOmg of TRI 50c was used as starting 
material, the product of me redfesolution in water was dried by freeze drying and the filiation was 
carried out through a 0.2pm filter. The salt is believed to contain about 85% of R,S,R (somen 

To determine maximum aqueous soiubifKy 25mg of the dried salt were shaken in water at 37»C the 
sample filtered and the UV spectrum measured. The saft left a white residue of undissolved materia.. 

Solubility when dissolved at25mg/mlr 14mM (10 mg/ml). 
EXAMPLE .19 - PREPARAT ION OF LYSINE SALT np-p Tgnr 

OK-Phe-Pm^Mpg-OH obtained by the method of Examp/e 5 (20.00g, 38.1rn M ) is dissolved in 
acetonrtnfe (200ml) with stirring at room temperature. To th!s solution is added L-lyslne as a 0 2M 
solution in distilled water (190ml). The resultant clear solution is stirred for 2 houre at room 
temperature and tten evacuated to dryness under vacuum with fe temperature not exceeding 37»C 
The resultant oil/tacky liquid fe redissolved in 3L distilled water with warming to 37°C for 2 hours 
The solution f, filtered through filter paper and evacuated to dryness, again with the temperatum of 
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the solution not exceeding 37°C, The resultant product is dried under vacuum overnight to normally 
yield a white brittle solid. The product may be present as an oil or tacky solid (due to residua! 
water), in which case it is then dissolved in ethyl acetate and evacuated to dryness to produce the 
product as a white solid, 

The salt was then dried under vacuum over silica to constant weight (72 h). 



Yield: 17. 89. 



10 Microanalysis: 



C % Found 


H % Found 


N % Found 


B % Found 


(Calc.) 


(Calc) 


(Calc.) 


(Calc.) 


57.03 


7.43 


10.50 


1.72 


(59,11) 


(7.36) 


(10.44) 


(1.61) 



15 



20 



PVAMPI e ?n - UVMSI B LE SPECTRA QE I.YSrNE SALT OF trisoc 

UV/Vfeible spectra of the salt resulting from the procedure of Example 19 were recorded in distilled 
water at 20°C from 190nm to 400nm. TRI5QC and the salt gave W at 210 and 258nm, The 
weight of the dried salt was then measured for the purposes of calculating the extinction coefficient. 
The K*x at 258nm was used. The extinction coefficient was calculated using the formuls:- 

A = bcJ where A is the absorbance 

C is the concentration 
I the path length of the UV cell 
and e is the extinction coefficient. 

Extinction coefficient: 437. 

FYAM pi F 21 - AQUEOUS SOI UBIUT Y OF LYSINE SALT OF TRI50C 

30 The salt used in this Example was made using a modification of the process described in Example 
19. The modified process diffens from that described in that lOQmg of TRI 50c was used as starting 
material, the product of the ^dissolution in water was dried by freeze drying and the filtration was 
carried out through a 0.2pm filter. The salt is believed to contain about 85% of R,S,R isomer. 



25 
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To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37°c, the 
sample filtered and the UV spectrum measured. The salt left a white residue of undissolved material. 

Solubility when dissolved at 25mg/ml: i3mM (8.6 mg/mi). 

EXAMPLE 22 - PREPARATION OF IS1-MFTHYI -n- r;LLJCAMIIME SAI T OF j ?TRnr 

Cbz-Phe-Pro-BoroMpg^H obtained by the method of Example 5 (ao.OOg, 38.1mM) is dissolved in, 
acetonitrile (200ml) with stirring at room temperature. To this solution is added N-methyi-D- 
glucamine as a 0,2M solution in distilled water (190ml). The resultant dear solution is stirred for 2 
hours at room temperature and then evacuated to dryness under vacuum with its temperature not 
exceeding 37°C. The resultant oi(/tacky liquid is redissolved in 500ml distilled water with light 
warming for about 20 minutes. The solution is filtered through filer paper and evacuated to dryness, 
again with the temperature of the solution not exceeding 37°C, or freeze dried. The resultant 
product is dried under vacuum overnight to normally yield a white brittle solid. 

The salt was then dried under vacuum over silica to constant weight (72 h). 
Yield: 21.31g. 

Microanalysis: 



# 



25 



30 



C % Found 


H % Found 


N % Found 


B % Found 


J (Calc) 


(Calc.) 


(Calc.) 

1 r 


(Calc) 


5S.67 


7.2S 


7*74 


1.63 


(56.67) 


(7.41) 


(7.77) 


(1.50) 



L ' 

EXAMPLE 23 - UV /V lSI Bi F SPFCTR A OF N~MFXHYL-P-GLUCAIVIINE .SALT OFTRTRnr 

UV/Visibte spectra of the salt resulting from the procedure of Example 22 were recorded in distilled 
water at 20*C from 190nm to 400nm. TRI50C and the salt gave W at 210 and 258nrn, The 
weight of the dried salt was then measured for the purposes of calculating the extinction coefficient. 
The at 25Snm was used. The extinction coefficient was calculated using the formula:- 

A = eel where A is the absorbance 

c is the concentration i 
! the path length of the UV cell 
and e fs the extinction coefffefent. 



35 
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Extinction coefficient: 433. 

EXAMPLE 24 - AQUEOUS SOLUBILITY OF N-METHYL-D-CSl I JCAMTMF SAjJ OF TRI5QC 

5 The salt used fn this Example was made using a modification of the process described in E>carnple 
22. The modified process differs from that described in that lOOmg of TRI 50c wag used as starting 
material the product of the nedissalutron in water was dried by freeze drying and the filtration was 
earned out through a 0.2|jm filter. The saft is believed to contain about 85% of R,S r R isomer. 

10 To determine maximum aqueous solubility 25mg of the drted salt were shaken in water at 37 C C, the 
sample filtered and the UV spectrum measured. The salt was observed to fully dissolve. The salt 
was comparatively soluble and so was redissolved at SOmg/ml in the same manner previously 
described. 

15 Solubility when dissolved at 25mg/ml: 35mM (25 mg/ml). 
Solubility when dissolved at 50mg/ml: 70mM (50 mg/ml). 

EXAMPLE 25 - ALTERNATIVE PREPARATION OF ARGINIME SALT OF TRI50C 

20 The arginine salt is formed simply by adding a slight molar excess of L-arginine to a solution of 0.2- 
a.3mmoJ of TRISOc in 10ml of ethyl acetate. The solvent is evaporated after one hour, and the 
residue fs triturated twice with hexane to remove excess arginine. 

EXAMPLE 26 - FTRST PREPARATION OF CALCIUM SALT OF TRI 50C 

25 

Cbz-Phe-Pro-BoroMpg-OH (2O.Q0g, 38-tmM) obtained by the method of Example 5 is dissolved in 
acetonitrile (ZGOml) with stirring at room temperature. To this solution is added Ca(0H)2 as a 0.IM 

solution in dialled water (190ml). The resultant dear solution is stirred for 2 hours at room 
temperature and then evacuated to dryness under vacuum with its temperature not exceeding 37°C. 
30 The resultant product fs a white brittle solid. 

The sait was then dried under vacuum over silica to constant weight (72 h). 
Yield; 17 r 69g t 

35 

EXAMPLE 27 —SECOND ALTERNATIVE PREPARATION OF CALCIUM SALT OF TRI.50C 

50.0 g TRI 50c (95.2 mmof) were dissolved under stirring in 250 ml acetonitrife at room temperature 
and then cooled with an ice bath. To this ice cooisd solution 100 ml of an aqueous suspension of 
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3.5 g (47.6 mmol) calcium hydroxide was added dropwise, stirred for ,2.5 hours at room 
temperature, filtered and the resulting mixture evaporated to dryness, the temperature not 
exceeding 35*C The dear yellowish oily residue was redi'ssotved in 200 ml acetone and evaporated 
to dryness. The procedure of redissolving in acetone was repeated one more time to obtain 
5 colourless foam. 



This foam was redissolved in 100 ml acetone, filtered and added dropwise to an fee cooled solution 
of 1JL0O ml petrol ether 40/60 and 1100 ml diethylether. The resulting colourless precipitate was 
filtered, washed two times with petrol ether 40/60 and dried under high vacuum,, yielding 49.4B q of 
10 a colourless solid (92%), with a purity of 99.4% according to an HPLC measurement. 

BCAMPLE 2S - UV/VTSIBLF SPECTRA OF CALCIUM SALT OF TRI 50C 

UV/Visible spectra of the salt resulting from the procedure of Example 26 were recorded in distilled 
15 water at 20°C from 190nm to 400nm. TRI SOC and the salt gave X max at 210 and 258niru The 

weight of the dried salt was then measured for the purposes of calculating the extinction coefficient. 
The X mBX at 258nm was used. The extinction coefficient was calculated using the formula;- 

A = ed where A is the absorbance 
20 C is the concentration 

I the path length of the UV cell 
and s is the extinction coefficient. 

Extinction coefficient: 955. 

25 

EXAMPLE 29 - AQUEOUS SOLUBILITY OF CALCTUM SALT OF TRI 5QC 

The salt used in this Example was made using a modification of the process described in Example 
27. The modified process differs from that described in that lOOrng of TRI 50c was used as starting 
30 material, the product of the redtesoiution in water was dried by freeze drying and the filtration was 
carried out through a 0.2um filter. The salt is believed to contain about 85% of R,S,R isomer. 

To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37°C, the 
sample filtered and the UV spectrum measured. The salt left a white residue of undissolved material, 

35 

Solubility when dissofved at 25mg/ml: 5m M (5 mg/ml). 



EXAMPLE 30 - fN VITRO ACrrVTTY OF CALCIUM SALT OF TRI 50C 
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TRJ 50c calcium saft was assayed as an inhibitor of human «-thrombin by an amidolydc assay Q. 
Deadman et at, J. Med, chem. 38:15111-1522, 1995, which reports a KI value of 7nM for TRI 50b). 

The inhibition of human a-thrombin therefore, was determined by the inhibition of the enzyme 
5 catalysed hydrolysis of three different concentrations of the chromogenic substrate S-223S. 

* 

200^1 of sample or buffer and S0p\ of S-2233 were incubated at 37 Q C for 1 minute and SOtf of 
human a-thrombin (0.25 NIHju/ml) was added. The initial rate of inhibited and uninhibited reactions 
ware recorded at 4.5nm. The increase in optical density was plotted according to the method of 
i Lheweaver and Burke. The Km and apparent Kin were determined and Ki was ca/cufated using the 
relationship. 



15 The buffer used contained O.jLM sodium phosphate, 0.2M Nad, 0,5% PEG and 0,02% sodium azide, 
adjusted to pH 7.5 with orthophosphoric add. 

The samples consist of the compound dissolved in DMSO. 

20 The reader is referred to Dixon, M and Webb, E.C., ^Enzymes^, third edition, 1979, Academic Press, 
the disclosure of which is incorporated heiein by reference, for a further description of the 
measurement of Ki. 

TRI 50c cafcium salt was observed to have a Kr of iOnM- 

25 

EXAMPLE 31 - PRE PARATION OF MAftNE=$IU|VI SALT OF TRI 50C 

TRI 50c (l.OOg, l.90mM) was dissolved an methanol (10ml) and stirred at room temperature. To 
this solution was added magnesium metboxide (Mg(CH 5 03 2 ) in methanol (1.05ml, 7,84 wt%). This 
30 solution was stirred for 2 hours at room temperature filtered and evacuated t» 5ml. Water (25ml) 
was then added and the solution evacuated down to dryness to yfeid a white solid. This was dr\&d 
over silica for 72 hours before being sent for microanalysis. Yield 760mg. 

*H NMR 300MHz, S H (CD 3 C(0)CD3) 7.14 - 7.22 p>0H, m), 6,90 (2H, m), 4.89 (4H, m, PhCH^O), 4.'38 
35 (2H, m), 3.40 (2H, br s) f 2.73 - 3.17 (30H, broad unresolved multfpfets), 1.05 - 2,10 (16H, broad 
unresolved muJbplets). 
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NMR 75MHz; 5c(CD 3 CCG)CD 3 ) 206.56, 138.30, 130.76, 129.64, 1293 1, 129.19, 129,09, 128.20, 
128>04 r 74.23, 73S5, 67.78, 58.76, 56.37, 56.03, 4S.38, 47.S7 r 39.00, 25,42, 25.29. 
FTIR (KBr disc) v m3V (cm" 1 ) 3331.3, 3031.4, 29353, 2876.9, 2341.9, 19564, 1711.6, 1639.9, 1534.3, 
1498,1, 1453.0, 125S.3, 1115.3, 1084.6, 1027.6, 9173, 748.9, 699,6, 594.9, 504.5, 467.S, 



EXAMPLE 32 - SOLUBILITY OF TRI50C 

The UV/visible spectra of TRI50C resulting from the procedure of Example 5 and its solubility were 
obtained as described above in relation to the salts. The solubility of TRl50c when dissolved at 
1 0 50mg/ml was SmM (4mg/mi). 

RfAMPLE 33 - ANALYSIS OF SODIUM, CALCIUM, MAGNESIUM AND ZINC SALTS OF f R .S.R^ TRI 50C 

The following salts were prepared using a boranate: metal stoichfometry of n:l, where n Is the 
15 valency of the metal, using (R,S,R) TRI 50c of higher chiral purity than that used to prepare the salts 
described fn Examples 8, 11, 14, 18, 21, 24 and 29 . 

A. Sodium Sat ft f Product afExamnfe 9) 



20 



Analytical data 

HPLC or LCJMS; HPLC betebasic CIS Column, 
CH 3 CN, Water 

Estimated Purity; >95% by UV (x 215w ) 



Micro analysis: 

C: 
H: 
N; 

Other: B: 
Na: 



Calcd. 

59.24 

6,44 

7.67 

1.98 

4,20 



Found, 
59.93 
6.47 
7.31 
1.91 
3,81 



Physical Properties 

Farm; Amorphous solid 

Colour: White 
Melting Point: N/A 

Solubility: Soluble in aqueous media 
C5~50mg/ml 

Ivy 547.40 



32- 



Caftium Salt (Product afttamofe 2G) 



Analytical data 

HPLC or LC/MS: HPLC betabasic CIS Column, 
CH 3 CN r Water 

Estimated Purity: >95% by uv (x 2X 5nm) 



Micro analysis: 

C: 
H: 
N: 

Other: B; 



Calcd. 
59.27 
6.48 
771 
1,99 



Found. 
55.08 
6.43 
7.08 
2.01 



Physical Properties 

Form: Amorphous solid 

Colour; White 
Melting Pointi N/A 

Solubility: Soluble in aqueous media 
oj^mg/ml 

M w : 1088.89 
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Ca: 



3,68 



3.65 



&~ Magnesium Salt f Prod uct of Examp le 31} 



Analytical data 

HPLC or LC/MSi HPLC betabasic CIS Column, 
CH 3 CN, Water 

Estimated Purity: >9Q% by UV {X 2iSnm ) 



Mian analysis: 

C: 
H: 
N: 

Other; B; 

Mg: 



60,44 

6*57 

7,83 

2.01 

2.26 



Found. 
57,25 
6,71 
7.45 
2.Q2 
2.12 



Physical Properties 

Form: Amorphous solid 

Colour: White 

Melting Point: w/A 

Solubility; Soluble in aqueous media 
&~7mg/ml 



M w : 



1073.12 



5 &> 2*nc salt {Product of example 15 ) 



Analytical data 

HPLC or LC/MS: HPLC befcabasfc CIS Column, 
Cri^CN, Water 

Estimated Purity: >95% by UV (X 215n[Il ) 



Micro anafysis; 

C; 
H; 
Nr 

Other: Bi 
2n: 



Calctf. 

58.21 

6.33 

7.54 

1.94 

5.87 



Found. 

56.20 
6.33 
7.18 
1.S4 
7.26 



Physical Properties 

Form: Amorphous solid 

Colour: White 

Melting Point: N/A 

Solubility: Soluble in aqueous media 
a?~2mg/ml 

M w : . 1114.18 



10 



15 



20 



AMBff: ^ Agonal fbrmul* of the acid boranate is used in the calculated microanalyses. It is 
believed that a lower sodium salt solubility is reported in example 11 because the salt tested in 
example 11 had lower chiral purity. 

Conclusion 

The zinc, calcium and magnesium salts have all been prepared with a stoichiometry of one metal ran 
to two molecules of TRI 50c, The values found for the calcium and magnesium salts ana dose to 
and thus consistent with those calculated for this 1:2 stoichfom&fcry, For the zinc salt an excess of 
zinc was found; nonetheless, the zinc salt comprises a significant proportion of acid boranate. The 
sodium salt has been prepared with a stoichiometry of one metal ion to one molecule of TRI 50c. 
The value found for the sodrum salt is dose to and thus consistent with that calculated for this 1:1 
Stoichiometry. 
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EXAMPLE 34 - STABILITY 



An assay of TRI 5Qc and its sodium and lysine sate before and after drying. 



i, 



Tabulated Results 



Tablet 



Compound 


Amount Tug/ mLJ 


Purity (*/<> area) 


TRI 50c drv 


1000.0 


82,00 


TRT 50c non-dried 


947.3 


85.54 


TRI 50c Na salt dry 


1024 


98.81 


TRI 50c Na salt non-dried 


1005.8 


98.61 


TRI 50c Lys salt drv 


813.3 


90.17 


TRI 50c Lvs salt non-dried 


S09.8 


92.25 



10 The purity of the add was lowered by the drying process but the pur'rty of the sate was less 
affected; the purity of the sodium salt was not significantly reduced. Large differences in response 
factors will reduce the actual impurity levels, however. 



15 



2. Analytical procedure 
2.1 Sample preparation 

TRI 50c and fts Na f Li and Lys sate were weighed into HPLC vfals and stored in a desiccator over 
phosphorus pentoxide for 1 week. For sample analysis, 5 mg of dried and non-dried material was 
weighed in a 5 rnL volumetric flask and dissolved in 1 mL acetonitrile and filled up with 
demineralised water to 5 mL 

3. Date evaluation 

The quantitative evaluation was performed using an HPLC-PDA method, 
25 4-Anaiytical parameters 



20 



30 



4. 1 Equipment and software 

Autosampler 

Pump 

Cofumn OYen 
Detection 
Software version 



Waters Alliance 2795 
Waters Alliance 2795 
Waters Alliance 2795 

Waters 996 diode array, P4S-ZQ 2000 single quad 
Waters Millennium Release 4.0 



4.2 Stationary phase 

0 

35 Analytical Column ID 
Material 



S71 

X-Terra™ MS Q 8 , 5 
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Supplier 
Dimensions 

4.3 Mobife phase 

Aqueous phase; A: H^O 4- D.l% 

Organic phase: C: ACN 

Gradient conditions; 



Waters, Eschbom, Germany 

150 mm x 2.1 mm (length, internal diameter) 



1 Time 


Row 


%A 


% G 1 


0.00 


0.5 


90 


10 


27.0 


0.5 


10 


90 


27.1 


0,5 


90 


10 


30,0 


... 0,5 


90 


10 1 



This example indicates that the salts of the disclosure, particularly the metal salte, e.g, alkali metal 
10 salts, are more stable than the acids, notably TRI 50c. 

E&tMPLE 35- f/y-WJKO A$$/\Y ASTTHROMBIN INHIBITOR OF MAGNFZllJM SALT OF TRI 5H£ 



Thromhrn Arnidolytf c Assay 
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TRI 50c magnesium salt (TRI 1405) was tested in a thrombfn amidofytic assay. 
Reagents: 

20 Assay Buffer: 

100m M Na phosphate 

200mM NaCI CH.68Sg/l) 

0.5% PEG 6000 <5g/]) 

0.02% Na azide 
25 pH 7.5 

Chrgmogenic substrate S2238 dissolved to 4mM (25mg + lOrnl) in water. Diluted to 50uM with 
assay buffer for use in assay at 5jiM. (S2238 is H-D-Phe-Pip-Arg-pNA). 

30 Thrombfn obtained from H71, via Cambridge Bioscience, and alfqubted at lmg/ml with assay buffer. 
Dilute to iOOng/rnl with assay buffer and then a further 1 in 3 for use in the assay. 



Assay : 



35 



llOfjtl assay buffer 
50ul Spg/m\ thrombin 
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C*^* 20\i\ vehicle or compound solution 
5 min at 37°C 
5 2D>I 50pM S2238 

Read at 4Q5nm at 37°C for lOmtnutes and record Vmax 
Results: 

10 

The results are presented in Fig, 1, 
Discussion: 

15 In this assay the magnesium salt of TRl 50c shows the same activity as TRI 50b as an edema] 
control. 

EXAMPLE 36 ~ TNTRAVENOU5 ADMINISTRATION OF T RI 5QC SODIUM SALT 

20 The pharmacokinetics (PK) and pharmacodynamics (PD) of TRI 50c sodium salt were' studio In 
beagle dogs following intravenous administration. 

The PD was measured as thrombin time gnd APTT using an automated coagulometer. Plasma 
concentrations were measured using an LCMS /MS method. 

25 

TRI 50c monosodmm salt (tOS.Sg) was dissolved in 0.9% sodium chloride (lOQmi) and dosed Lv. at 
1.0 mg/kg (1*0 ml/kg over 30 seconds). Blood samples were taken into 3.8% tri-sodium citrate (1 + 
S) at pre dose, 2, 5, 10, 20, 30, minutes post dose and then at X r 2 f 3, 4, 6, 8, 12 and 24 hours post 
dose. Plasma was prepared by centnfugation and frozen at minus 20°C pending analysis. 

30 

RESULTS 

The sodfum salt was tolerated well with no adverse events for the total duration of the study. 

35 Male and female dogs responded similarly* with a pharmacodynamic C maxt at 2 minutes (thrombin 
time of 154 seconds raised from a base line of 14.3 seconds). Thrombin time was 26 seconds at 
one hour post dose. 
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There was an exceptionally good therapeutic ratio between the APTT and thrombin clotting time in 
dogs receiving the sodium salt at a dose of 1.0 mg/kg r.v. Thrombin dotting time was elevated 10*8 
times abov6 base line (154.4 seconds from 14.3 seconds) two minutes following dosing, compared to 
only 1.3 times elevation in the APTT (19 seconds to 25 seconds post dose). 

EXAMPLE 37 - RESIDUAL n-HEPTANE OF TRI 50C CALCIUM SALT 

Salt prepared following the methods of Examples 1 and 3 was t&sted by headspace gas 
chromatography. Data are shown below; 



10 
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Residual solvents: Haa ds pace gas chromatography 
GC parameter: 



Column: 
Carrier Gas: 
Detector: 
Injector Temp: 
Operating Conditions: 
Injection volume: 

Split: 

Headspace Parameters 
Oven temperature: 
Needle temperature ; 
Transfer temperature! 
Other parameters: 



DB-wax, 30 in, 0,32 mm ID, 5jt 
Helium 80 kPas 
ft D, 220 Q C 
150°C 

35*C/7 mi*; 10*C/ min up to S0°Cf2 rnin; 40°C up to l80*C/2 min 

1 ml 
On 



7Q D C 
10D°C 

temper time: 15 min, GC-cycte time! 2S min, 
infection time: 0>Q3 min, duration: 0,4 min 



Calibration Standards; sample weight/dilution 



standard 



p» heptane 



sample no. 



weight (mg> 



103.12 



weight Crtifl) 



100.84 
99-12 



100.03 



volume (ml) 



100 



volume (ml) 



concentration 
fmq/mn 



1.0312 



concentration 
(mq/mO 



20.17 



19,82 



20,01 



area (average. 



2757-74756 



sample 



concentration (mg/ml) 

0.0010 



O.0O09 



0,0010 



0.00095 



content (W*) 



0.0048 



0,0044 



0,0050 



0.005 



5 EXAMPLE 38- HPLC CHROMATOGRAM .S, 

TRI 50c monosodfum salt made by the method of Examples 1, 2 & 3 and TRl 50c hamteattim salt 
made by the method of Examples 1, 2 & 4 were analysed by HPLC chromatography, 



10 



M&thod 



1.1 Equipment and software 



Autosampler 

15 Pump 

Column oven 
Detection 
Software version 



Waters Alliance 2795 
Waters Alliance 2795 
Waters Alliance 2795 

Waters 2S96 diode array, MS-ZQ single quad 
Waters Millennium 4.0 



HARRISON GODDARD F00 

89 



NO. 586 P. 93 



1,2 Stationary phase 

Analytical Column ID 
Material 
Supplier 
Dimension 
Pre-column ID 



5-71 

XTerra™ MS Q 8 , 5 fj.m 
Waters, Eschborn, Germany 
150 mm x 2.1 mm (length, ID) 
no pre-column 



Xterra MS Cie, 5 pm is a column packing material supplied by Waters Corporation, 34 Maple Street, 
10 Mil-ford, MA 01757, US and local offices, as m years 2002/2003. It comprises hybrid 
organic/inorganic particles, consisting of spherical particles of 5 \im size, 125 A pore size and 15,5% 
carbon load. 



1.3 Mobile Phase 

15 Aqueous phase: 

Organic phase? 



A: H 2 0 + 0.1% HCOOH 
C: ACN 



20 



25 



H-5,0 = H2O by Ultra Clear water purification system 
ACN - gradient grade aeetonrtrile 

Gradient conditions 



time 


A°/o 


c% 


flow 


gradient 


[min] 






EmL/minI 


shape 


.0.0 / 


90.0 


10.0 


0.5 




27 „ao 


10.0 


9D,a 


0,5 


linear 


27.10 


90.0 


10.0 


0,5 


linear 


30.00 


90.0 


10.0 


0.5 


linear 



1.4 Instrumental Parameters 

Ftow 0.5 mLrmirf 1 

Temperature 40 =*= 5° C 

HPLC control Waters Millennium Release 4.0 

C&lcufation Waters Millenium 4.0 



30 



2r Parameters 



2.1 Wavelength/Retention IS me /Response factors 
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Table: retention and detection parameter (k' F: 0.5 ml/rain, tO = 0.9 mL/min) 



Substance 


RetHrne 


rnm] 


m/z 


response facto ir 
farea/M£] 


Reciprocal 

Response factor 


TRI 50c 


1L6S 


258 


508.33 


660 


1 


Benzvl alcohol 


3.862 


258 


n.d. 


1960 


0.337 


Benzaidehyde 


6.13 


258 


n*di 


79939 


0,0083 


Benzoic add 


5.52 


258 


n.d. 


5967 


0.111 


Impurity I 


11.18 


258 


396,17 


885 


0.745 


Impurity II 


13.39 


258 


482.22 


552 


1.196 



5 1.1 Linearity 

Linearity Range 4000 - 10 ng/mL (detection UV 258 nm) 



Table Linearity <feta UV 2SSnm 



calibration 
solution 


area 
iuAU'sJ 


target cone. 


cone, f ound* 

JaaZmU- 


Tri 50c 


5353 


10 


20.44 


Tri 50c 


5301 


10 


20.37 


Tri 50c 


65809 


100 


113.35 


Tri 50c 


66365 


100 


114,17 


Tri 50C 


172019 


250 


270.43 


Tri 50c 


1625S7 


250 


256.48 


Tri 50c 


339503 


500 


518.13 


Tri 50c 


326912 


500 


499.51 


Tri 50c 


659257 


1000 


991.02 


Tri 50c 


647495 


1000 


973.63 


Tri 50c 


1322371 


2000 


1971.72 


Tri 50c 


1305196 


2000 


1946.32 


Tri 50c 


2724410 


4000 


4045,24 



1 recalculated with linear equation 



1 0 Linear equation para meters: 

Y — 6.75e+002 X - S.45e-hOD3 

r = 0.99975 

r 2 = 0.99950 

15 Linearity Range 3L0 - 0,10 ixg/mL (detection SIR m/z 508,33) 



Table: Linearity data SIR 508.33 



calibr&tiOft 
solution 


mean area 
YuAU'&l 


target cone. 


cone, found 1 
TuP/mL] 


Tri 50c 


2188360 


0.01 


0.022 


Tri 50c 


2702839 1 


0.01 


0.045 


Tri 50c 


3817226 


0.1 


0.094 


Tri 50C 


3833799 


0,1 


0.095 


Tri 50c 


23 153550 


1 


0-947 


Tri 50c 


24646892 


1 


1.013 


Tri 50c 


223007B52 


10 


9.765 
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10 



1 recalculated with linear equation 
Equation parameter 

Y = 2,27e+Q07 X + 1.69e+0Q6 

r = 0.99958 

J 2 * 0.99926 



NO. 586 P. 95 



10.239 



2.3 Quantitation limit 

The quantitation limit was determined using the signal to noise ratio criterion S/N > 19, 
UV 258 nm; 10 ^g/mL 

10 M/z50B.3! 0.1na/mL 



2-4 Precisian 



Injection 


Target concentration 
[jig/rnU 


Area 


Amount [ng/irtLJ 


Retention time 


i 


250 


165805 


261.24 


11.690 


2 


250 


168644 


265.44 


11.662 


3 


250 


167858 J 


264.27 


11.686 


4 


250 


166947 


262.93 


11,692 


5 


2$0 


166925 


262,89 


11,679 


6 


250 


166294 


261.96 


11.696 


Mean 




167079 


263.12 


11.684 


Std. Dsv. 




1033 


1.528 


0.01 


% RSD 




0.6 


0.6 





15 2.5 Robustness 

Tablei robustness data; Standard 250 pgfmL aqueous solution (containing < 1% ACN) 



calibration 
solution 


PC/h] 


area [nAU's] 


recovery 


250ug/mL TriSflc 




172020 




250ng/mL TriSOc 


4°C 16h 


166294 


96*67 


2.5jj.g/mL TRISOc 




38034691 




2.5ua/mL TRI50c 


37°C, 4h 


8S833175 


100.9 



-ICH HARMONISED TRIPARTITE GUIDELINE. TEXT ON VALIDATION OF 
ANALYTICAL PROCEDURES Recommended for Adoption at Step 4 of the ICH 
Process on 27 October 1994 by the ICH Steering Committee 

2, FDA Reviewer Guidance. Validation of chromatographic methods. Center for Drug 
Evaluation and Research. Nov. 1994 

25 

3. USP 23. <621> Chromatography 



References 
L 

20 
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5 

3. Results 

3.1 Sample Name: TRl SQc mftnpsodium salt 
Imecb'on volume: lOpL 

10 Name Ret Time Area Area Peak Height 

(MirQ % ESAU'S] MAU 

TRI50C 12,136 100.0000 604.27228 32,05369 



3.2 Sample Name: TRI 50c hemfcaltium salt 
15 Injection volume; lOuL 

Name Ret Time Area Area Peak Height 

(Min) */o EMAU'sJ yAU 

TRI 50c 12.126 100,0000 597-11279 32.29640 

20 The disclosed methods have been used to obtain salts substantially free of OB bond degradation 
products, in particular salts containing no such products in an amount detectable by HPLQ. 
specifically the method of Example 38. The disclosed methods have been used to obtain salts 
substantially free of Impurity I, in particular containing no Impurity I in an amount detectable by 
HPLC, specifically by the method of Example 38. The disclosed methods have been used to obtain 

25 salts substantially free of Impurity IV, in particular containing no Impurity IV in an amount 
detectable by HPLC, specifically by the method of Example 38. 

EXAMPLE 33 - DETERMINATION OF DIASTE REQMERIC EXCESS 



30 TRI 50b, crude, contains three chiral centres. Two of bhern are fixed by the use of enantiornerfcalJy 
pure amino acids [(R)-Phe and (S)-Pro), The third one b fbrmsd during the synthesis. The 
favoured epimer is the desired TRI 50b, Isomer I (R,S,rVTRI 50b), Both epimers of TRI 50b are 
clearly baseline separated by the HPLC method/ thus allowing determination of the drasteromeric 
excess (de) of TRI 50b, 

35 

TRI 50d i$ not stable under the conditions applied for HPLC purity determination, but decomposes 
rapidly on sample preparation to TRI 50c, so that TRI 50d and TRI 50c show the same HPLC traces. 

The two isomers of TRI 50c are not baseline separated in HPLC, but both isomers are clearly visible. 
40 This becomes obvious, when TRI 50b, crude (mixture of both isomers) is converted with 
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0 phenylboronic add to TBI 50c, crude. Both .some* of TRI SOc are observed in HPLC nearly at tte 
same relation as before In TRI 50b, crude. 

Upon synthesis of TRI 50d from TRI 50b, crude, only one diastereoisomer is precipitated. In this 
5 case HPLC shows only one peak for TRI 50c, when, a very small fronting is observed. Precipitin 
from dichloromathane/diethylether removes the fronting efficiently. The level of removal of Isomer 
n cannot be quantified by this HPLC method. Therefore samples before reprecipitation and after 
one and two repmcipitatlons were esterified with pinacol and the resulting samples of TRI 50b 
analysed by HPLC. Thus a de of 95.4% was determined for the crude sample. The reprecptated 
10 .ample resulted in a de of 99.0% and finally the sample that was reprecipitatBd twice showed a de 

of 99.5%. 

These results cleady show the preferred precipitation of Isomer I, whereas Isomer II remains in 
solution. 

It will be appreciated from the foregoing that the disclosure provides boronic acid salts useful for 
pharmaceutical purposes and which feature one or more of the following attributes. (1) improved 
hydrolytic stability? (2) improved stability against deboronation; and (3), in any event, not suggested 
by the prior art 

The selection of active ingredient tor a pharmaceutical composition is a comply tosk, which requires 
consideration not only of biological properties (Including bioavailability) but also of physicochernical 
properties desirable for processing, formulation and storage. Bioavailability itself is dependent on 
various factors, often Including in vivo stability, solvation properties and absorption properties, eadh 
n 5 in tU m potentially dependent on multiple physical, chemicai and/or biological behaviours. 
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O EXAMPLE 40 - SHORT DU RA TIOM GASTRICALL Y ArcgQSlBLE FORM. )i A~rrri^[ 

A formulation of TRI 50c hemicaicium salt (TGN 167) was produced in the form of round, white 
tablets il mm in diameter. Each tablet contained 75 mg of TRI 50c incorporated as the calcium salt 
5 (TGN 167) with the following components and composition: 




The choice of excipient and composition was made with the primary goal of achieving rapid 
10 dissolution. 

Trial Pnotocol 



15 



20 



TSN 167 tabfets described above were administered via the oral route to 10 healthy male subjects 
as single doses Crandomised double blind placebo controlled study). The group consisted of 10 
healthy mate volunteers, 9 of whom received active compound and one of whom reoaivsd placebo. 
An amendment was introduced for the last panel, allowing 15 subjects (instead of 9) to receive a 
SQOmg dose. The interval between each dose of TGN 167 was one week minimum. The allocation 
of the placebo was such that each volunteer would only receive placebo once during the course of 
the study. 



Orally administered doses were: 75mg (one tablet), iSOmg (two tablets), 300mg (four tablets) and 
600 mg (eight tablets), 



25 Study Results 
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1) No clinically significant findings were detected in any safety assessments. There were no adverse 
clinical events of either a general or cardiovascular nature during the study period of 24 hours for 
any dose of TGN 167. 

2) Oral administration of TGN 167 induced a dose-related increase fn the Thrombin Time <TT), 
5 reaching a peak within 2 to 3n after administration, with maximum mean values being 

approximately 2.5 to 7 fold higher than at propose. A fall in TT to 1.5 fold baseline values occurred 
within 4 hours after administration. All TT had returned to baseline 10 hours after administration. 

The above results indicate that TRI 50c salts have suitable pharmacodynamic properties of a short 
duration oral antithrombotic drug, namely a rapid rise in thrombin time after administration followed 
10 shortly thereafter by a fail in TT to a level only slightly above baseline at which clinically significant 
anticoagulation is not expected. 
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EXAMPLE 41 - TCN255 SACHET FORMULATIONS TO BE DISSOLVE D IN 150ML WATER 



10 



15 



TCN 255 is the monosodium salt of TRI 50c. In the following tables, the amount of TGN 255 fe 
expressed in terms of the equivalent amount of TRI 50c, 

Powders 



Lutrol F6S fPoloxarner 188) 
Water 



Total vvt: 



iog_ 



Ingredient 


g /sachet 1 


Function 


TSN255 


O.&Q 


Active Ingredient 


Sucrose 


. 10g 


Sweetener and diluent 


Acesulfame K 


0.04$ 


Sweetener 


Citric acid 


0.2Q 


Flavour enhancer 


Lemon Flavour 


qs 


Flavour 


Total vvt: 


~10g 






Ingredient 


g/sachet 


Function 


TGN255 


0,6q 


Active Ingredient 


Sorbitol powder 


5g 


Sweetener and diluent 


Aspartame 


0.04g 


Sweetener 


Aniseed Flavour 


as 


Flavour 


Total wt; 






Granules 


Ingredient 


g /sachet 


Function 


TGN255 


0,6a 


Active Ingredient 


Flavour 


qs 


Favour 


Sorbitol 


8-9q 


Sweetener and diluent 



Binder 



*Use 50%w/w water to granulate. Hat Included in final formulation. 



Ingredient 



TCN255 



Flavour 



Citric acid 



Sodium citrate 



Sorbitol 



q/ sachet 



Q>6q 



qs 



0-2g 



0-3gr 



8.8g 



Function 



Active Ingredient 



Flavour 



Flavour enhancer and buffer 



Flavour enhancer and buffer 



Sweetener and diluent 



20 



Lutrol F58 f Fobxamer IBS) 
Ethanol 95% 



Total wt: 



D.2g 



Binder 



*Use 20%w/w ethanol to granulate. Not included in final formulation. 
The powders and granules are packaged in sachets. 



II 
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The present disclosure includes the subject matter of the following paragraphs (which are not 
consecutively numbered): 

1. A solid phase pharmaceutical formulation adapted for reran stitution into the liquid phase 
before it enters the stomach and comprising a boronic add of formula (I), or a salt or prodrug 
thereof: 



OH 

Y-CO-NH-CH-B" 0) 

I OH 

R 9 



wherein 

1 0 Y comprises a hyd rophobTc moiety which, together with the aminoboronic acid residue 
-WHCH(R 9 )-B(OH) 2 , has affinity for the substrate binding site of thrombin; and 

R? is a straight chafn aikyl group interrupted by one or more ether linkages and in which the total 
number of oxygen and carbon atoms is 3, 4, 5 or 6 or R? is -CCH 2 ) m -W where m is from 2, 3, 4 or 5 
15 and W is -OH or halogen (F, Cl, Br or I). 



2. 



A formulation of paragraph 1 wherein R 9 is an alkoxyalkyl group. 



3. a formulation of paragraph 1 or paragraph 2 wherein YCO- comprises an amino acid which 
20 binds to the S2 subsite of thrombin, the amino acid being N-terminally linked to a moiety which 

binds the S3 subsite of thrombin. 

4. A formulation of paragraph i or paragraph 2 wherein Y is an optionally N-tarminatly 
protected dipeptide which binds to the S3 and S2 binding sites of thrombin and the peptide linkages 

25 in the acid are optionally and independently N-substituted by a C r C 13 hydrocarbyl optionally 
containing in-chain or in-ring nitrogen, oxygen or sulfur and optionally substituted by a substituent 
selected from halo, hydroxy and trifluoromethyl. 

5. A formulation of paragraph 4 wherein said dipeptide is N-temninally protected and all the 
30 peptide linkages in the acid are unsubstituted, 

S. A formulation of paragraph 4 or paragraph 5 wherein the S3-binding amino acid residue is of 
R configuration, the S2-binding residue is of S configuration, and the fragment ~NHCH(R 9 )-B(OH) is 
of R configuration. 

35 
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7. A formulation of any of paragraphs 1 to 6 wherein the bordnic add has a Ki for thrombin of 
about 100 nM or less- 

S. A formulation of paragraph 7 wherein the boronic 9cW has a Ki for thrombin of about 20 nM 
5 or less. 

9. A reconstftutable oral formulation of a boronic acid of formula (II) or a salt, prodrug or 
prodrug salt thereof: 

X-aai-aa^NH-CH-Bf (II) 

I OH 

10 

where: 

X is H (to form NH^) or an amtao-pnatecttng group; 

15 aa 1 is an amino acid having a hydnocarby* side chain containing no more than 20 carbon atoms and 
comprising at least one cyclic group having up to 13 carbon atoms? 

aa 2 is an imfno acid having from 4 to 6 ring members; 

20 R 1 fe a group of the formula -CCH23 S -Z, where s is 2, 3 or 4 and Z is -OH, -QMe, -DEt or halogen 
(F, Q, Br or I), 

10. A formulation of paragraph 9 wherein aa* is selected from Phe, Dpa and wholly or partially 
hydragenafaed analogues thereof* 

25 

11. A formulation of paragraph 9 wherein aa 1 is selected from Dpa, Phe, Dcha and Cha. 

12. A formulation of any of paragraphs 9 to 11 wherein aa 1 is of R-conflguration. 

30 13. A formulation of paragraph 9 wherein aa 1 is (R)-Phe [that is, p-Phe) or (R>Dpa (that is, D- 
Dpa). 

14. A formulation of paragraph 9 wherein aa 1 is (R)-Phe, 
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15. A formulation of any of paragraphs 9 to 14 wherein aa^ fs a residue of an imino acid or 

formula (IV) 



CH-COOH 



N 
I 

H 



whete Rll is -CH2-, -CH 2 -CH 2 -, -CH 2 =CH 2 -, -S"CH 2 -, -S-C(CM 3 ) 2 - or -CH 2 -CH 2 -CH 2 -, which group, 
when the ring is 5- or 6- membered, is optionally substituted at one or more -CH 2 - groups by from i 
to 3 Ci~C 3 alkyl groups. 

16. A formulation of paragraph 15 wherein aa 2 is of s-configuration. 



10 17. 



A formulation of paragraph 15 wherein aa 2 is an (S)-proline residue. 



18. A formulation of paragraph 9, wherein aa^-aa 2 Is (R)-Phe-Cs)-Pro (that is, D-Phe-L-Pro). 

19. A formulation of any of paragraphs 9 to is wherein R 1 is 2-bromoethyl, ^hloroethyl, 2- 
1 5 methoxyethyl, 3-bromopropyl, 3-chloropropyl' or 3-methoKypropyl . 



20. 



A formulation of any of paragraphs 9 to 18 wherein R 1 is 3-methoxypropyl, 



21. A formulation of any of paragraphs 9 to 20 where X is R 6 -(CH 2 ) p -C(0)-, R 6 -{CH 2 )p-S(0} 2 -, 
20 - R6-(CH 2 )p-NH-C(0)- or R6-(CH 2 ) p -O-C(0)- wherein p is O, 1, 2, 3, 4, 5 or 6 and R& is H or a 5 to 

13-membered cyclic group optionally substituted by one or more (e.g. 1, 2, 3, 4 or 5) halogens (e.g. 
F), for example at least at the 4-posltlon, and/or by 1, 2 or 3 substituente selected from amino, 
nitro, hydroxy, a Cs-C 6 cyclic group, CyC* alkyl and (frC* alkyl containing, and/or linked to the 
cyclic group through, an in-chain O, the aforesaid alkyl groups optionally being substituted by a 
25 subsUtuent selected from halogen, amino, nitro, hydroxy and a C 5 -Cs cyclic group. 

22, A formulation of paragraph 21 wherein said 5 to 13~membered cyclic group is aromatic or 
heteroaromatic. 
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23, A formulation of paragraph 22 wherein ^d 5 to 13-membered eyerie group is phenyl or a 6- 
membered heteroaromatic group. 




24. 



A formulation of any of paragraphs 9 to 20 wherein X is R e -(CH 2 ) p -C(0)- or r6-(CH 2 ) O- 
5 C(0> and p is 0, i or 2. P 



25. 



26, 



A formulation of any of paragraphs $ to 20 whsrain X is benzyloxycarbonyl. 



A formulation of paragraph 9 wherein the boronic acid is of formula (VUIV 

10 

X-(R)-Phe^(S>Pro-(R)-Mpg-B(QH)2 (VIH), 

27, A fomiulation of any of paragraphs l to 26 wherein the boronic acid is In the form of a 
pharmaceutical^ acceptable salt thereof, e.g. with monovalent or divalent counter-fons 

15 

28 A Formulation of paragraphs 27 which comprises a salt of the peptide boronic acid with an 
alkali metal or a strongly basic organic nitrogen-containing compound. 

i 

29. A formulation of paragraph 23 wherein the strongly basic organfc nitrogen-containing 
20 compound is a guanidine, a guanidine analogue or an amine. 

30. A formulation of paragraph 27 therein the salt is a salt of the boronic acid with a metal. 

31. a formulation of paragraph 26 which comprises a salt of the boronic acid with an alkali 
25 metal, an aminosugar, a guanidine or an amine of formula (XI): 

JMHR 3 

H 2 N— (CH 2 ) n 

R2 

where n is from 1 to 6, R 2 is H, carbonate or derivatised carboxylate, R 3 is H, Q-c, alkyl or a 
residue of a natural or unnatural amino acid. 

30 32. A formulation of paragraph 26 which comprises a salt of the boronic acid with a guanidine or 
with an amine of formuJa (XI): 
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NHR 3 



H 2 N — (CH 2 ) 



H 



(XI) 



where n is from 1 to G r R* is H, carbexyiate or dferivatised carboxylase, R 3 is H, Q-C, alkyi or 3 
residue of e natural or unnatural amino add. 

5 33. A formuiatfon of paragraph 32 which comprises a guanidfne salt of the boronic acid. 

34, A formulation of paragraph 33 which comprises a salt of the boronic acid with L-argimne or 
an L-3rginine analogue. 

10 35, A formulation of paragraph 34 wherein the b-arg!nine analogue is D-arginine, or the D- or L- 
rsomers of homoarginine, agmattne [(4-arninobuty|) guanldlne], NG-nitro-L-arginine methyl ester, or 
a 2-amino pyrimidines. 

36. A formulation of paragraph 33 which comprises a salt of the boronic acid wrth a guanidine of 
15 formula (VII) 



where n Is from 1 to 6, R 2 is H, carboxylate or dfenvatised carboxylate, R 3 is H, Ci-Cj alkyi or □ 
residue of s natural or unnatural amino acid, 

37. A formulation of paragraph 36, whereih n is 2 r 3 or 4. 

20 

38, A formulation of paragraph 36 or paragraph 37 where the derlvatised carboxyiate forms a 



C r Q alky! ester or amide. 

39. A formulation of any of paragraphs 36 to 38 wherein the compound of formula (VH) is of L- 
25 configuration. 

40. A formulation of paragraph 33 which comprises an L-arginine salt of the peptide boronic 
acid. 

30 41. A formulation of paragraph 32 which comprises a salt of the boronic acid with an amine of 
formula (IX). 




NHR 3 
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42, . A formulation of paragraph 41, wherein n is 2, 3 or 4, 



5 



10 



15 



43, A formulation of paragraph 41 or paragraph 42 where the deriVatised carbaxylate forms a 
CrQ alkyi ester or amide. 

44, A formulation of any of paragraphs 41 to 43 wherein the amine pf formula (IX) is of L- 
confrgtiration, 

45. A formulation of paragraph 41 which comprises an Wysine salt of the boronic add. 

46. A formulation of any of paragraphs 1 to 26 which comprises an alkali metal safe of the 
boronic acid. 

47- A formulation of paragraph 46 wherein the alteali metal is potassium. 
48, A formulation of paragraph 46 wherein the alkali metal is sodium. 
49, A formulation of paragraph 46 wherein the aikafi metal is lithium. 
20 '50. 'A formulation of paragraph 27 which comprises an aminosugar salt of the boronic acid, 

51. A formulation of paragraph 50 wherein the aminosugar is a ring-opened sugar. 

» 

52. A formulation of paragraph 51 wherein the aminosugar Is a glucarnine, 

25 

53. A formulation of paragraph 50 whereto the aminosugar is a cyclic aminosugar. 

54. A formulation of any of paragraphs 50 to 53 wherein the aminosugar is N-uinsubstitutecL 

30 55. A formulation of any of paragraphs 50 to 53 wherein the aminosugar is N-sufesfcituted by one 
or two substltuents- 

56. A formulation of paragraph 55 wherein the or each substituent is a hytirocarbyl group. 

35 57. A formulation of paragraph 55 wherein the or each substituent selected from the group 
consisting of alky! and aryl moieties. 

58. A formulation of paragraph 57 wherein the or each substituent is selected from the group 

t, 

consisting of Q, Q, C 3 , Q, Q, Q, and Q alkyl groups 
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59. A formulation of any of paragraphs 55 to 58 wherein there is a single N-suhstituent. 

60. A formulation of paragraph 50 wherein the glticamine is N-methyl-D-glucarnine. 

. 5 

61. A formulation of any of paragraphs 27 to 60 which (Comprises boronate ions derived from the 
peptide boronJc add and has a stoichiometry consistent with the boronate ions carrying a single 
negative charge. 

10 52, A formulation of any of paragraphs 27 to 60 wherein the salt cons/ste essentially of acid salt 
(that is r wherein one BOH group remain? protonated), 

* 

63. A formulation of any of paragraphs 27 to 52 wherein the salt comprises a boronate ion 
derived from the peptide boronlc acid and a counter-ton and wherein tha salt consists essentially of 
15 a salt having a single type Q ? oounbaMon. 

82. The use of a salt of any of paragraphs I to 63 for the manufacture of a parenteral 
medicament for a treatment recited in any of paragraphs 76 to 81. 

20 83- A reconstitute ble oral pharmaceutical formulation comprising a combination of (i) an add, 
prodrug or salt of any of paragraphs l to 63 and (li) a further pharmaceuticaliy active aoifent 

84. A reconsti'tutabie oral pharmaceutical formulation comprising a combination of (Q an acid, 
prodrug or salt of any of paragraphs 1 to 63 and (ii) another cardiovascular treatment agent 

25 

85. A formulation of paragraph 84 wherein the other cardiovascular treatment agent comprises 
a llpfd-Iowering drug, a fibrate^ niacin, a statin, a CETP inhibitor, a bile acid sequestrant, an anti- 
oxidant, a Ilb/IIIa antagonist, an aldosterone inhibitor, an A2 antagonist, an A3 agonist, a beta- 
bfodcer, acetylsalicyiic add, a loop dfutefjc, an ace inhibitor, an antithrombotic agent wrth a different 

30 • mechanism of action, an antiplatelet agent r a thromboxane receptor arid/or synthetase inhibitor, a 
fibrinogen receptor antagonist/ a prostacyclin mimetic, a phosphodiesterase inhibitor, an ADP- 
receptor (p 2 T) antagonist, a thrombolytic, a cardioprotectant or a CQX-Z inhibitor. 

S6„ The use of an add, prodrug or Salt of any of paragraphs 1 to 63 for the manufacture of a 
35 reconstitutable oral medicament for treating, for example preventing, a cardiovascular disorder in 
co-administration with another cardiovascular treatment agent. 



i 
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87, A method for recovering from ether solution an ester of a boronic acid as defined rn any of 
paragraphs 1 to 26, comprising dissolving diethanalamine in the solution, allowing or causing a 
precipitate to form and recovering the precipitate. 

5 S.S. A method of paragraph 79 wherein the ester is & pinacol ester, 

89, The method of paragraph 79 or paragraph 80 which further comprises converting, suitably 
hydrolysing, the precipitated material into the free organobomnjc acid. 



10 90. The method of paragraph 89, wherein the conversion comprises contacting the precipitated 
material with an aqueous add or base. 

91. The method of paragraph 90, wherein the precipitated material ?s contacted with a 
concentrated strong inorganic add, 

15 

92. A method for making a boronic add as defined in any of paragraphs 1 to 26, comprising 
converting a diolamine reaction product thereof to the acid, suitably hydrafysing the diolamine 
reaction product to form the acid, 

20 53. The method of paragraph 92, wherein the conversion is carried out as recited in paragraph 
82 or paragraph 83. 

94. The method of any of paragraphs 87 to 93, which further comprises converting the 
organobaronfc ^dd to a salt thereof. 

25 

95. The method of paragraph 94, wherein the salt is as defined In 3ny of paragraphs 2 to 63, 

96. The method of paragraph 94 or paragraph 95, which further comprises formulating the salt 
into a pharmaceutical composition. 

30 

119. A reconstitutable oral medicament comprising a salt of a boronic acid which Fs & selactive 
thrombin inhfbftor and has a neutral amfnoboronic acid residue capable of binding to the thrombin 
Si subsite linked through a peptide linkage to a hydrophobic moiety capable of binding to the 
thrombin S2 and S3 subsftes, the saft comprising a. cation having a valency n and having an 

35 observed stqichiornetry consistent with a notional stoichiornetry (boronic acidicatfon) of n:l. 

120, A medicament of paragraph 119 wherein the boronic acid has a M for thrombin of about 100 
nM or less. 
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121. A medicament of paragraph 119 wherein the boronic add has a Ki for thrombin of about 20 
nM or less. 

122. A dosage form comprising a sodium salt of Cb 2 -(R)-Phe-(S)-Pro-(R)-Mpg-BC0H) 2 , the 

dosage form being a sachet containing a powder or granules containing said salt or an effervescent 
tablet. 

125. A pharmaceutical product comprising a sealed container containing in the. form of a finely 
divided solid or granules, ready for ^constitution to form a liquid oral formulation, a therapeutically 
effective amount of * boronic acid of formula H or a salt or prodrug thereof, the boronate salt 
consisting essentially of a single pharmaceutically acceptable base addition sate of a boronic acid 
formula (II): 



X-aa 1 -aa*-NH-C*H-£ (||) 

| OH 

R 1 



15 where: 



X is H (to form NH2) or an amino-protecting group; 



aa^ is 



an amino acid of R-conflguration having a hydrocarbyl side chain containing no more than 20 
20 carbon atoms and comprising at least one cyclic group having up to 13 carbon atoms; 

aa 2 is an imino add of S-configuration having from 4 to 6 n'ng members; 



C* is a chira! centre of R-configuration; and 

R 1 is a group of the formula KCH 2 ) S -^ where s is 2, 3 or 4 and Z is -OH, -OMe, -OEt or halogen 
(F,CI,Brar I). 

126, The product of paragraph 125 wherein: 

X is R 5 "(CH 2 ) p -C(0) > R^ ( CH 2)p -S(0) r< R6- C CH 2 ) p -NH^O)- or R6-(CH 2 ) p -0-C(0)- wherein p is 0, 

1, 2, 3, 4, 5 or S and R 6 is W or a 5 to 13-membered cyclic group optionally substituted by 1, 2 or 3 
substituents selected from halogen, amino, nitro, hydroxy, a t 5 -<:$ cydic group, Gr-G, afkyl and C r 
04 alkyl containing, and/or finked to' the cyclic group through, an in-chain O, the aforesaid alkyl 
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( groups optionally being substituted by a substituent selected from halogen, amino, nitre, hydroxy 

and a C$-Cg a/dlc group; 

aa 1 * is selected from D~Phe f D-Dpa, D-cha and Dcha; 

5 

ag2 is p rQ ; and 

R 1 is 2-etiioxyethyt or 3-methoxypropyl. 

10 127, A pharmaceutical formulation adopted for oral administration after combining with a liquid, 
and comprising 

a) a first species selected frpm (a) boronic acids of formula (I) r (b) boronate unions 
thereof^ and (c) any equilibrium 1brm of the aforegoing (e.g. an anhydride); 



15 



OH 

Y~CO-NH-QH~B^ (1) 



T 

R 9 



wherein 

Y comprises a hydrophobic moiety which, together with the amirroboronic acid residue 
2Q ~NHOi(R 9 >S(OH)2/ has affinity for the substrate binding site of thrombin; and 

R.9 is a straight chain alkyi group interrupted by one or more etfter linkages and in which the 
total number of oxygen and carbon atoms is 3, 4, 5 or 6 or r9 is KCH 2 ) m -W where m is 
from 2, 3 7 4 or 5 and W is -OH or halogen (F f a, Br or I); and 

25 

(b) a second species selected from the group consisting of pharmaceutical acceptable 
metal ions., said metal ions having a valency of n, lysine, arglnlne and amfnosugars, 

wherein the formulation has an observed stoichiometry of first to second species essentially 
30 consistent with a notional stoichiometry of 1:1 except where the second species is a metal ion 
having a valency of greater than l r in which case the observed stQicruametry is essentially consistent 
with a" notional ^toichiometry of ml. 

128. The formulation of paragraph 127 which has the characteristic that, after the formulation if 
35 not in an aqueous carrier is placed in one, it has a K( for thrombin of about 20 nM or less. 
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129. The formulation of paragraph 127 or 128 in which R 9 Is 3-methoxypropyl and the second 
species is sodium Ions, potassium ions, lithium ions or lysihe. 

5 13G> The formulation of any of paragraphs 127 to 129 which fs in the form of fine particles for 
combining with a liquid to form a liquid formulation. 

13 L A dlethanplarnine ester of a boronic acid of formula (VHI) 



10 X-(R>Phe-(S>pro-(R)-Mpg-B(OH)2 (VIII), 
where X is H or an amino protecting group. 

132. A product comprising, in a -form for reconstftution into a drinking solution, a compound 
15 selected from boronic acids of formula II and their sa)ts r e.g. a salt con$rsting essentially of a mono- 
alkali metal salt of an add of the formula Cfaz-(R)-Phe-(S)-Prc-(R)-Mpg"BCOH)2, the compound 
optionally being in admixture wfth an organic acid. 

133. The product of paragraph 132 fn which the saft is in unit dosage form. 

20 

134. The product of paragraph 132 wherein the unit dosage form contains from about 0„2mol to 
1.5mof of the salt. 

135. The product of any of paragraphs 132 to 134 which Includes no isotonidty agent* 

25 

136. The product of paragraph 132 which Includes an anti-microbial preservative and a flavour 
agent. 

137. A product comprising, in the form of an effervescent tablet, a salt consisting essentially of a 
30 mono-alkali metaf s<?it of an acid of the formula Cbz-(R)-Phe-(S)-Pro-(R)-Mpg-B(OH)2^ the salt 

containing no mors than small amounts of other epimers of said acid, the product optionally further 
containing an organic add, 

138. The product of paragraph 137 which contains from about 0.2moi to l.Smol of the salt. 

35 

140. A process for separating diastereomers of a boronic acid of formula (I); 




CO 
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where: 

X Is H (to form NH2) or an amino-profcectrng group; 

5 

aa*- is an amino add of (R) configu ration selected from Phe, Dpa and wholly or partially 
hydrogenated analogues thereof; 

aa 2 is an imlno acid of (S) configuration having from 4 to 5 ring member?; 

10 

Rl is a group of the formula -(CH^g-Z, where s is 2, 3 or 4 and Z is -OH r -OMe, -OEt or 
halogen (F, a, Br or I), 

and where C* Is a chiral centre, 

15 

the process comprising; 

(A) combining a starting solution in diethyiether of a boronic species selected from the 
boronic add (I) and its esters with alcohols, in which alcohols tihe sole potential electron donor 
heteroatorns are oxygens which, in the boronic ester, correspond to the oxygens of the ester 
20 functional group f the starting solution containing both boronic spades having a chiral centre C* of 
(R) configuration and iwonJc species having a chiral centra C* of (S) configuration; and '(B) 
diethanalamine, the diethanoiamine being in an amount of i.25 ± Q.l equivalents based on the 
boronic species in which chiral centra C* is of (R) configuration, and mixing to form a mixture; 

causing or allowing the boronic species and the diethanotarnine to react until a precipitate 
25 forms; and 

recovering the precipitate. 

141. A process of paragraph 140 in which the diethanoiamlne is in an amount of from L2 to 1.3 
equivalents based on the boronic species in which dhinal centre C* is of (R) configuration. 

30 

142. A process of paragraph 141 in which the diethanolamine is in an amount of about 1.2S 
equivalents based on the boronic species, 

143. A process of any of paragraphs 140 to 142 in Which the afcohoi is a diol, 

35 

144. A process of paragraph 143 in which the diof is not stericaiiy hindered. 
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145. A process of paragraph 144 in which the dio! is pinacol, neopentylgfycol, 1,2-ethanedioi, 1,2- 
propanediol, 1,3-propanedio!, 2,3-butanediol, 1,2-diisoprapylethanediol, or 5,6-decanedioi. 

146. A process of paragraph 145 in which the drol is pinacoh 

147. A process of any of paragraphs 140 to 146 in which the boronfc species and the 
diethahotamrne are caused to react by heating the mixture to an elevated temperature. 

148. A process of paragraph 147 in which the mixture is refluxed, 

149. A process of paragraph 148 in which the mixture is refiuxed for at least 10 hours. 

150. A process of any of paragraphs 140 to 149 in which the precipitate is recovered by filtration. 

15 151- A process of any of paragraphs 140 to 150 in which the recovered precipitate is washed with 
dfethylether. 

X52. A process of any of paragraphs 140 to 151 in which the recovered precipitate, after washing 
in the event that the precipitate is washed, is dissolved In 5 solvent sefected from CH2CI2 and CHCJ 3 

20 and reprecipftated by combining the resulting solution with diethylfether. 

153, A process of paragraph 152 in which the solvent is CH2G2. 

154, A process of any of paragraphs 140 to 153 in which aa 1 is selected from (R)-Dpa, (R)-Phe, 
25 Cft)-&cha and (R)-Cha. 

155, A process of any of paragraphs 140 to 154 in which the boronic species in the starting 
solution comprises from 50% to 60% molecules having chiral centre C* of (Reconfiguration and 
from 40% to 50% molecules having chiral centre C* of (S)-configurattc)n. 

30 

156, A process of any of paragraphs 140 to 155 which further comprises converting the recovered 
precipitate to the acid of formula (I) by dissolving the precipitate in an organic solvent selected from 
halohydrocarbons and combinations thereof, agitating the resulting organic solution with an aqueous 
acid having a pH of below 3 whereby the dissolved precipitate is converted to the formula (I) add, 

35 and recovering the formula (I) acid by evaporation. 

157, A process of paragraph 156 in which the duration of contact between the organic solution 
and the aqueous acid is limited sufficiently to avoid substantial C-B bond breakage. 
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158. A process of paragraph 157 wherein the duration is not more than about 30 minutes when 
the contact takes place at room temperature. 

159. A process of any of paragraphs 156 to 158 in which the aqueous add is hydrochloric add of 
5 about 2% w/v concentration or another aqueous mineral scid of similar pH. 

160. A process of any of paragraphs 155 to 159 in which the organic" solvent is selected from 
CH 2 a 2 and CHCJ 3 > 

10 161. A process of paragraph 160 in which the organic solvent is CH^C^ 

162. A process of any of paragraphs 156 to 161 in which the formula (1) add is dried. 

163. A process of paragraph 162 in which the formula (I) acid is dried when it is in tha organic 
15 solvent by contacting the solvent with a hygroscopic solid. 

164. A process of any gf paragraphs 156 to 153 in which the formula (I) add, when in the 
organic solvent, is washed with an aqueous ammonium saft. 

20 165. A process of any of paragraphs 156 to 164 in which organic solvent is evaporated from the 
recovered formula (I) acid. 

166. A process of any of paragraphs 156 to 165 which further comprises converting the recovered 
acid of formula (I) to a pharmaceutics Jiy acceptable base addition salt thereof by dissolving the acid 
25 In acetonitrile, combining the resultant solution with an aqueous solution or suspension of a 
pharmaofeuticalty acceptable base, and causing or allowing the bass and the acid to react, then 
evaporating to dryness to obtain an evaporation residua, 

A process of paragraph 166 in which the step of causing or allowing the add and the base 
30 to react comprises agitating the combination of the acetonitnle solution of the acid and the aqueous 
solution or suspension of the base at a temperature of not more than 35°C. 

168. A process of paragraph 167 in which the temperature is not more than 25°c. 

35 169, A process of any of paragraphs 166 to 16S which further comprises: 



(?) redissolving the evaporation residue in aeetonitrile and evaporating the resulting 
solution to dryness; and 

(Si) repeating step (i) as often as necessary to obtain a dry evaporation residue. 
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170. A process of paragraph 169 wherein the dry evaporation residue has a loss on drying of less 
than about 0,5% when determined by drying in a vacuum drier at 40°c at 100 mbar for 2 hours. 



171. A process of paragraph 169 or 170 which further comprises: 

5 dissolving the dry evaporation residue in acetonitrile or tetrahydrofuran to form a solution; 

adding, a rate sufficiently slow to avoid lump formation, safd solution to a 3:1 to 1:3 v/v 
mMure of diethylether and an aliphatic or cyciogliphatic solvent to form a precipitate, said solution 
being added to the diethylethfer/(cydo)a[iphatic: solvent mixture In a ratio (solurionsryibcture) of from 

■ 

1:5 to 1:15 v/v; 
10 recovering the preciprtate; and 

removing solvent from the recovered precipitate under reduced pressure whilst maintaining 
the temperature at no more than 35°C. 

172. A process of paragraph 171 wherein the solvent removal process is performed until tha 
15 precipitate has a loss ont drying of less than about 0.5% when determined by drying in a vacuum 

drier at WC at 100 mbar for 2 hours. 

173. A process of paragraph 171 or paragraph 172 in which the temperature at the start of thfc 
drying process is about 10 D C and is increased during the process to about 35°C. 

20 

174. a process of any of paragraphs 17i to 173 in which the aliphatic or cycioaltphatic solvent is 
n-heptane. 

175. A process of any of paragraphs 166 to 174 in which the base comprises a cation of valency n 
25 and is used In a stoichiametry (boronic acid;base) of about n:l. 

176. A process of any of paragraphs 166 to 175 in which the base is an alkali metal or alkaline 
earth metal base. 

30 177. A process of any of paragraphs 166 to!76 In which the base is sodium hydroxide. 

178, A process of any of paragraphs 171 to 175 fn which the ba$e is sodium hydroxide and the 
dry evaporation residue is dissolved in acetonitrile. 

35 179, A process of any of paragraphs 171 to 175 in which the base is calcium hydroxfda- 

180. A process of any of paragraphs 171 to 175 in which the base is calcium hydroxide and the 
dry evaporation residue is dissolved in tetrehydrofuran. 
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181. A process for hydrofysing an ester of a boronic add as defined by paragraph 140 or 154, 
comprising contacting the ester wfth an aqueous medium for 3 period sufficiently short substantially 
to avoid C-B bond cleavage. 

5 182. A process of paragraph 191 whereto the aqueous medium is an aqueous add having a pH of 
less than about 3. 

183. A process of paragraph 182 wherein the aqueous acid is hydrochloric acid having a 
concentration of about 2% w/v or another aqueous mineral acid of similar pH. 



184, A process of any of paragraphs 181 to 183 wherein the contact period is about 30 minutes 
or less. 



185. A process of any of paragraphs 181 to 184 which is carried out at a temperature of about 
15 25 0 C±2°C. 

186* A process of any of paragraphs 181 to 185 wherein the ester is a diethanolamine ester. 

187. A process for making a pharmaceutical acceptable base addition salt of a boronic acid as 
20 defined by paragraph 140 or I54 r comprising: 

dissolving the boronic add In acstonitrile; 

combining the resultant solution wfth an aqueous solution or suspension of a 
pharmaceutical^ acceptable base, and causing or allowing the base and ths boronic acid to react; 

evaporating to dryness to obtain an evaporation residue; 
25 redissolving the evaporation residue in acetonitrile and evaporating the resulting solution to 

dryness? and 

repeating the preceding step as often as necessary to obtain & $ubstantiaily dry evaporation 

residue. 

30 188. A process for making a boronic add as defined by paragraph 140 or 154 or a 
pharniaceutfcaHy acceptable base addition salt thereof, which boronic add has an R 1 group of the 
formula -(CH2VO-R 3 in which R 3 is methyl or ethyl and s is tndependentfy 2, 3 or 4, comprising! 

reacting a l-rinetartoalk;oxyaIkan6, where the alkoxyaikane is of the formula -(CHaJs -0 -^ 
and a borate ester, to form a compound of Formula (VI); 
35 (H0) Z B-(CH 2 V^-R 3 (VI), 

and synthesizing the boronic acid from the compound of Formula (VI) and, if desired, converting the 
acid into a said salt thereof. 
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189. A process of paragraph 18S wherein the synthesis of the boronic acid and, ff it is the esse, 
conversion into a salt thereof involves a process of any of paragraphs 140 to 1S7. 

190- A compound selected from the group consisting of boronic acids of formula (I) as defined by 
5 paragraph WO or 154 and ba$e addition salts thereof, the compound having a chiral purity of 
produced by a method of any of paragraphs 140 to 187. 

191. A compound selected from the group consisting of boronic acids of formula (I) as defined by 
paragraph 140 or 154 and base addition salts thereof, the compound having a diastereomeric excess 

10 of about 95% or more, optionally erf about 99% or more r e*g, about 99.5% or more. 

192. A salt selected from the monoltthrurn, rnonosodium and monopotassJum salts of Cbz-(R)- 
Pha-CS)-Pro-CR)-Mpg«B(OH)2 and having a purity about that of the purity of such salt when prepared 

by the method of Example 3. 

15 

193. A salt of paragraph 192 having a diastereomeric excess of about 99.5% or more and a 
purity measured as % HPLC peak area of at feast 97,5% when determined by the method of 
Example 38. 

20 194. A salt of paragraph 192 or paragraph 193 which is the rnonosodium salt 

195. A salt selected farm the hemicalcium and hernimagnesium salts of Cbz-(R)-Phe-(S)-Pr6-(R)- 
Mpg-B(OH)2 and having a purity about that of the purity of such salt when prepared by the method 

of Example 4. 

25 

196. A salt of paragraph 195 having a diastereomeric excess of about 99,5% or more and a 
purity measured as % HPLC peak area of at least 97.5% when determined by the method of 
Example 38. 

30 197. A salt of paragraph 195 or paragraph 196 which is the hemicalcium salt. 

198. A compound of Cbz-(R)-Phe-(S)-Pra-(R)-Mpg-B(OH)2f and the esters end salts thereof (e.g. 
selected from the mono alteiK metal salts and herni alkaline earth metal sate), which compound has 
a purity measured as % HPLC peak area of at least 97.5%, far example 99% or more, e.g. 99.5% or 

35 more, the % HPLC peak area being determined by the method of Example 38. 

199. A compound gf paragraph 198 which is the tnonolithium, rnonosodium, hemicalcium or 
hemimagnesium salt 
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200. A compound selected from boronfc adds as defined by paragraph 140 or 154 and the esters 
and salts thereof, the compound being substantia l!y free of impurities detectable by HPLC, s.g> 
reverse phase HPLC. 

5 201. A pharmaceutical^ acceptable bass addrtfon saft of a boronic add as defined by paragraph 
140 or 154 which is substantially .free of degradation products derived from cteavage of the C-B 
bond thereof. 

202. A compound selected from boronic acids as defined in paragraph 188 and esters arid salts of 
10 such acids, the compound being free of any compound which fs of the same structure except for 

replacement of the R 1 group by a group of the formufa -(CHjfe-HL 

203. A pharmaceutical acceptable base addition salt of CbE-(R)"Phe-(S>Pro-(R)-Mpg-B(QH)2 
whfch fs substantially free of the compound: 



204. A safe of any of paragraphs 201 to 203 which is in an amount of at (east l kg, e.g. has been 
produced \n an amount of at teast lOQkg a day. 



205. A pharrnaceuEcaHy acceptable base addition salt of a boronic acid as defined by paragraph 
140 or 154; for example Cb2-(R)-Phe-CS}-Pro-CR)-Mpg-B(OH)2 f which contains a trace amount of an 
aliphatic or cydoatiphatic solvent. 

25 206. A salt of paragraph 205 wherein the solvent Is an alkana. 

207. A salt of paragraph 206 wherein the solvent is an n-aik^ne. 

208. A salt of paragraph 207 wherein the solvent is n-heptans. 



15 




20 



30 
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209, A salt of any of paragraphs 204 to 208 wherein the wfvent is present In an amount of about 
0,01% or less. 

210, A product for use as a reconstitutable oral dosage form, comprising a salt of any of 
5 paragraphs 190 to 209, 

211, Hie subject matter of any of paragraphs wherein the salt is a salt of any pf paragraphs 190 
to 209. 

10 212. The use of diethanoiarnine to resolve by selective precipitation the (R,5,R) and (R^S) 
Isomers of a boronic acid of formula (I) as defined by paragraph 140 or 154. 

213. A product comprising an (R*S f R) isomer of a boronic acid of formula (I) as defined by 
paragraph 140 or 154 whenever produced by a process which used dfethanolamSha to resolve the 
15 (R,S,R) and (R,5,S) isomers by pr^cfpitatron. 

217, A pharmaceutical^ acceptable base addition salt of Cbz-(R)-Phe-(S)'-Pro-(R>"Mpg-B(OH)2r 

which salt contains a trace amount of an aliphatic or cydoaliphatfc sotvent bat is substantially free of 
an impurity of the structure: 

20 



25 




222 , A pharmaceutical^ acceptable base addition salt of a boronic acid of formula I as defined by 
paragraph 140 or 154, wherein the boronfc add having the chiral centre C* of (R> configuration is in 
a large diasrbsrearneric excess- 

223, A salt of paragraph 222 which is substantially free of any degradation product resulting from 
OB bond cteavage. 

224, A salt of paragraph 222 or paragraph 223 wherein R 1 Is as defined in paragraph 65 and the 
30 salt rs substantially free of the corresponding boronic acid species in which R 1 is -(CH^H. 
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225, A pharmaceutical formulation comprising a salt of any of paragraphs 19Q to 209 arid 
substantially free of any impurity dtenvsd from synthesis of the salt. 

226. A product, wherein the product is an industrial product and ft comprises a product of any of 
5 paragraphs 190 to 211, 213,216, 217 and 219 to 225. 

It will be apparent from the aforegoing' that the oral anticoagulant activity provided by the disclosed 
boronic acids, as represented by TRI 50c administered as salt forms is well surfced to haemodialysis. 
The rapid onset of anticoagulant activity, its magnitude and the offset of anticoagulation provide the 
10 desired anticoagulant acitiY[ty, its magnitude and ths offset of anticoagulation provide the desired 
anticoagulation profile to prevent coagulation in the haemodialysis circuit for the typical duration of a 
haernodralysis session. A drinking solution reconstftuted from a solid preparation will provide a 
satisfactory dosing regimen. 
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CLAIMS 

1. An oral dosage form of a compound selected from boronic acids which have a neutral 
thrombin PI domain linked to a hydrophobic moiety capabfe of binding to the thrombin S2 and S3 

5 subsftes, and salts and prodrugs of such acids, the dosage form comprising a solid phase 
formulation comprising the compound and being adapted for reconstitute of the formulation to 
form a liquid preparation. 

2. A dosage form of claim i wherein the thrombin PI domain comprises a neutral 
10 aminoboronic add residue. 

3. A dosage form of claim i wherein the boronic add is of formula (I); 

| OH 

15 wherein 

Y comprises a moiety which, together with the fragment -CH(R 9 )-B(OH)2, has affinity for the 
substrate binding site of thrombin; and 

R 9 is a straight chain alkyi graup interrupted by one or more ether linkages and in which the total 
20 number of oxygen and carbon atoms is 3, 4, 5 or 6 or R? is -^CHj^-W where m is from 2, 3, 4 or 5 
and W Is -OH or halogen [F, CI, Br or X). 

4 k A dosage form of daim 3 wherein R 9 is an alkoxyalkyl group. 

25 5. A dosage form of claim 3 wherein Y comprises 

an amino group bonded to structural fragment -CH(R 9 )~B(QH)2r and 

a hydrophobic moiety which is linked to sard arninp group and which, together with said 
structural fragment, has affinity for the substrate binding site of thrombin, 

30 6. A dosage form of any of claims 3 to 5 wherein Y comprises an amino acid which binds to the 
52 subsite of thrombin, the amino acid being N-terminaUy linked to a moiety which binds the S3 
subslte of thrombin. 

7. A dosage form of claim 6 wherein Y is an optionally N-terminaliy protected dlpeptide which 
35 binds to the S3 and S2 binding sites of thrombin and the peptide linkages in the acid are optionally 
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and independently N-substituted by a C^-C i3 hydroearbyi optionally containing in-dtein or in-rlng 

nitrogen, oxygen or sulfur and optionally substituted by a substituent selected fTom halo, hydroxy 
and trifluorornethyl, and optionally wherein said dipeptide is N-terminally protected and/or alt the 
peptide linkages in the add are unsubstituted. 

5 

8. A dosage form of daim 7 wherein the S3-binding amino add residue Is of (Reconfiguration, 

the S2-b?ndIng residue is of (S)-corifigu ration, and the fragment -NHCH(R 9 >B(OH) is of 
(R)-ccnftguration f 

10 9. A dosage form of any of claims 1 to S wheroin said compound is a pharmaceutical^ 
acceptable base addition salt of a said acid. 

10. An oral pharmaceutical dosage form adapted to be reconstftuted either 
prior to administration into a liquid for oral administration, or 
15 in the mouth, 

and comprising a compound selected from boronic acids of formula (II) and salts, prodrugs and 
prodrug salts thereof; 

-OH 

X-as*-aa 2 -NH-CH-B. (I i) 

i ° h 

20 where: 

X is H (to form Nrb) or an amino-protecting group; 

aa 3 - is an amino acid having a hydrocarayl side chain containing no more than 20 carbon atoms and 
25 comprising at least one cyclic group having up to 13 carbon atoms; 

aa 2 Is an imino acid having from ^ to 6 ring members; 

is a group of the formula ~{Ctt2h~Z, where s is 2, 3 or 4 and Z is -OH, -OMe, ~OEt or halogen 
30 (F, CI, Br or I). 

11. A dosage form of claim 10 wherein aa* is selected from Phs, Dpa and wholly or 'partially 
hydrogenated analogues thereof, and optionally is selected from Dpa, Phe, Dcha and Cha, &.g. is 
(R>Phe or (R)-Dpa. 
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12. A dosage form of claim 10 or claim 11 wherein aa 2 is a residue of an imlno add of formula 



5 where rM is -CH 2 ~, -CH^Ob-, -CH 2 =CH 2 > -S-CHjr, -S-C(CH 3 )2- or -CH2-CH 2 -CH 2 -, which group, 
when the ring is S- or 6- membered r is optionally substituted at one or more -CHj- groups by from 1 

to 3 Cj-Cg alkyi groups, and optionally aa 2 is an (S)-proline residue, e.g, aa^-aa 2 is (R)-Phe-(5)-Pro. 

13. A dosage form of any of claims 10 to 12 wherein aa^ is of (^-configuration and/or aa^ is of 
10 (S)K^nfiguration and/or the fragment -NH-CH(R^-B(OH)2 is of [Reconfiguration. 

14. A dosage form of any of claims 10 to 13 wherein ft* is 2-bromoathyi, 2-chioroethyl, 2- 
methoxyethyi, 3-bromopropyI, 3-chloropropy! or 3-methoxypropyl, e.g, is 3-rnetfroxypropyL 

15 15. A dosage form of any of claims 10 to H where X Is R 6 K CH 2)p-QPh ^< CH 2)p"5(0)2-; 

R"5-(cH 2 ) p -NH-CCO)- or R 6 -(CH 2 ) p -0-C{0>- wherein p Is 0 r 1, Z, 3, 4, 5 or 6 and R 6 is H or a 5 to 

13-membered cyclic group optionally substituted by one or more (e.g. 1, 2, 3, 4 or 5) halogens (e.g. 
F) f for example at least at the 4-positfon, and/or by 1, 2 or 3 substituents selected from amino, 
nltrOj, hydroxy, a C5-C5 cyclic group, £4-04 alkyi and C1-C4 alkyi containing, and/or linked to the 

20 cyclic group through, an in-cham O, the aforesaid alkyi groups optionally being substituted by a 
substituent selected from halogen amino,, nitro, hydroxy and a C5-Q5 cyclic grgup r and optionally 

said 5 to 13-membered cyclic group is aromatic or heteroaromatlc, e r g, is phenyl or a 6-membened 
heteroaromatic group, for example X is benzyloxycarbonyf. 

25 is. A dosage form of claim 10 or claim 15 wherein the boronic add is of formula (VHC)r 
X-CR)-Phe-(S>pro-(R)-Mpg-B(OH) 2 (yni) . 

17. A dosage form of any of claims 9 to 16 wherein the salt comprises a salt of the boronic acid 
30 with a metal. 



(IV) 




H 
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18, A dosage form of claim 17 wherein the metal comprises an alkali metal salt, e,g. sodium, 
potassium or lithium. 

S 19. A dosage farm of any of claims 1 to IS which comprises boronate ions derived from the 
peptide boronic acid and has a stoichiometry consistent wrtii the boronate ions carrying a single 
negative charge, 

20. A dosage fbnm of any of claims 1 to 19 which comprises; 
10 a pharmaceutical formulation which contains said compound and is in the form of powder or 

.granules; and 

a sealed container in which the formulation is contained and from which the formulation is 
to be dispensed for reconstitutron. 

15 21. A dosage form of claim 20 wherein the formulation is in the form of a powder and comprises 
a flow aid or a giidant* 

22. A dosage form of claim 20 wherein the formulation is in the form of granules and comprises 
a binder. 

20 

23. A dosage form of any of claims 20 to 22 wherein the container is a sachet 

24. A dosage form of any of daims 1 to 19 which comprises a pharmaceutical formulation which 
is in the form of an effervescent tablet which contains said salt and an effervescent system. 

25 

25. A dosage form of any of claims 1 to 19 which comprises a fast melt pharmaceutical 
formulation which contains said sait. 

25, A dosage -form of any of claims 20 to 25 which comprises from about 0.2 to about 1,5 mol of 
30 the salt, calculated on the basis of the boronic acid, e.g. about 0,35 to about 1 mol. 

27. A dosage farm of any of claims 1 to 26 which comprises an anti-rnicrobfal preservative and a 
flavour agent. 

35 23, A dosage form of any of claims 1 to 23, or claims 26 or 27 when not dependent on claim 25, 
which is adapted to be reconstituted to ft>rrn a solution having a volume of from about 50m( to 
about lHOrnL 

29. A dosage form of claim 28 wherein the solution is not isotonic. 
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30* A pharmaceutical formulation comprising a pharmaoautically acceptable base addrtion salt of 
the acid cbz<R)-Phe-(S)-Pro-(R)-Mpg-B(OH)2, the formulation being in the form of a powder or 
granules in a sachet or of an effervescent tablet. 

31, A formulation of claim 30 wherein the salt is a mono-alkali metal safe, e.g. monosocjlum salt, 
or is a hemi-alkaline earth metal salt, e.g. hemicalcium salt 



32, The use of a compound as defined In any of claims 1 to 19 for the manufacture of a 
10 medicament to be reconstituted to form a drinkable preparation, e.g. a drinking solution. 

33. The use of daim 32 wherein the medicament is for Use in the prevention of thrombosis in 
the haemddialysis circuit of a patient undergoing haemodialysis. 

15 34> The use of claim 32 wherefn the medicament is for emergency treatment of a suspected 
thrombotic event. 

35. A method of preparing an anticoagulant preparation, comprising reconstituting, into a liquid 
preparation for oral administration and preferably a drinkable preparation, a solid phase formulation 

20 comprising a compound of any of claims l to 19. 

36. A method of inhibiting thrombin in the treatment of disease, comprising administering 
perorally to a subject in need thereof a therapeutically effective amount of a compound as defined in 
any of claims 1 to 19, said compound being put into solution or suspension from a solid phase 

25 formulation prior to the compound entering the stomach, 

37. The method of claim 36, wherein the salt is put into solution or suspension by reconstituting 
with a liqufd prior to administration, 

30 38, The method of daim 35, wherein the compound is put into solution or suspension in saliva 
in the mouth. 

39. A method of preventing thrombosis in the haemodiatysis circuft of a patient, comprising 
reconstituting into a drinkable preparation a solid formulation comprising a salt as defined in any of 

35 claims 9 to 19, and orally administering the drinkable preparation. 

40. The use of a compound as defined in any of claims 1 to 19 for the manufacture of a 
medicament for treating flight DVT or thrombosis in extracorporeal liver detoxification. 
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41. The use of claim 40, wherein the medicament is an oral medicament, for example a tablet 
capsule, sachet, effervescent tablet or fast melt formulation, or is a parenteral medicament, e.g. an 
Lv t medicament, for example a powder. 

5 42. ■ A method of preventing deep vein thrombosis during an airplane flight in a subject at risk of 
developing such thrombosis, comprising administering to the subject a therapeutically effective 
amount of a compound as defined in any of claims 1 to 19. 

43. A method of preventing thrombosis in extracorporeal IrVer detoxification in a subject at risk 
10 of developing such thrombosis, comprising administering to the subject a therapeutical^ effective 
amount of a compound as defined in any of claims 1 to 19, 



15 



20 



25 



44. A dosage form of any of claims 1 to 30 or a formulation of claim 30 or claim 31 which 
further comprises a further pharmaceutical active agent for example another cardiovascular 
treatment agent, e.g. a HpieMowerfng drug, a fibrate, niacin, a statin, a CEIP inhibitor, a bile acid 
setjuestrant, an anti-oxidant, a Ilb/ma antagonist, an aldosterone inhibitor, an A2 antagonist, an A3 
agonist, a beta-blocker, acetylsalicylic acid, a loop diuretic, an ace inhibitor, an antithrombotic agent 
with a different mechanism of action, an antipfateiet agent, a thromboxane receptor and/or 
synthetase inhibitor, a fibrinogen receptor antagonist, a prostacyclin mimetic, a phosphodiesterase 
inhibitor, an ADP-reoeptor (P 2 T) antagonist, a thrombolytic, a cardtopratectant or a COX-2 inhibitor. 



45, An oral medicament adapted for reconstitudon into a drinkable preparation and comprising a 
salt of a boronic acid which is a selective thrombin inhibitor and has a neutral amrnoboronic acid 
residue capable of binding to the thrombin Si subsite linked through a peptide linkage to a 
hydrophobic moiety capable of binding to the thrombin S2 and S3 subsites, the salt comprising a 
cation having a valency n and having an observed stolchfometry consistent with a notional 
stoichiometry (boronic acid;catton) of ml, e.g. a parenteral medicament comprising a monosodium 
or monolithium salt of Cbr-C^-Phe^-Pro^^-Mpg-BCOH}^ for example as a finery divided solid for 
reoonstttution as an intravenous formulation, the monosodium or monolithium salt of Cbz-CR)~phe- 
30 (S)-Pra-(R>Mpg-B(OH) 2 optionally being substantially free of the compound : 
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and/or substantially free of the compound: 



HO 




46. A compound selected from boronic acids of formula (IA) and salts (e.g. base addition salts, 
5 prodrugs and prodrug sate thereof; 

-OH 

Y-CH-0 C ( ,A ) 

R 9 

wherein 

Y comprises a moiety which, together with the fragment -CH(R. 9 )-BfOH) 2 , has affinity for the 
10 substrate binding site of thrombin and which includes a thrombin P2 domain which comprises a 
residue of a £-amino add; and 

r9 is a straight chain alkyl group interrupted by one or more ether linfcages (e.g. 1 or 2) and in 
which the total number of oxygen and carbon atoms is 3, 4 r 5 or 6 (e.g. 5) or is -fCH 2 )m- w 
15 where m is 2, 3, 4 or 5 (e.g. 4) and W is -OH or halogen (F, CI, Br or I). is an alkoxyalkyl group 
In one subset of compounds, e.g. alkoxyalkyl containing 4 carbon atoms. 
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